Hie tiff iti 
lL = LCD 
WY) Lp iy 


|r rwrCrC“(‘(‘COCOCOCé;Céw# 
== 
-_. 


Ue 
AMY, 
Yee 


pI Vy 
_ 
tig iy, 

7 


ts 
LL 


7 
Yj 


Ly LD 
~—C Yj 


GY 


$ typ 
4 Wigs Lis 

‘ eee yy Lily Y Cie Z 
se 


yp Yi a, 

yy, iy, ies iy 
Se 

Uy yy YY) 
Vy 


io Bi, We c y 
ie 
i, 


YY) 
LE EE 
| §€~=~=~=CEFd 
Ly 
LL DLC 
YY Lge YEE: Vy Les 


wv Yj 
~~ 
oe 


es 
yy Yj 


VY yyy 
CMY 
ti Uy, 





a, yy Hig Vy 
typ yy Yj 


Wiese Yee 

LD 

yy LE 
ty 


ee 
Seed 
eA 


so 
Yi Yi 
| CC yyy 
yy 2 yy LF 
_ 


LLL 
eon he ey Y 


eis, 


We 
gees 


natant Sass 
MG LYLE 
el ete, 


We 
LD 
Lee 

Yi 


LE 
Vii ty 


eng 
thes iy, y 

WY 

UMA Ma 4 


BRIGHAM YOUNG UNIVERSITY 
LIBRARY 
PROVO, UTAH 








tee 
FES 


TRANSACTIONS 


OF THE 


American Ceramic Society 


VOLUME XV 


Containing the Papers Read at the Meeting Held at Washing- 
ton, D. C., February 25, 26, 27, and 28, 1913, Together 
with Supplementary Discussions. and 


Other Matters 





Homer F. Srauey, Editor 





This Society is not, as an organization, responsible for the statements of 
facts or opinions expressed in these papers and discussions 





PUBLISHED FOR THE SOCIETY, UNDER THE SUPERVISION OF 


EpWaARD ORTON, JR., Secretary 
' Herrorp Hops, Treasurer, 
Homer F. Srauey, Editor, 
Constituting the Publication Committee 





CopyrIGHTED, 1913, By Epwarp Orton, Jr., Secretary, CoLuMBUS, OnIO 


ALL RIGHTS RESERVED 


COMPOSED AND PRINTED AT THE 
WAVERLY PRESS 
By rar WILLIAMS & WILKINS COMPANY 
BattTimore, U.S.A. 


BRIGHAM YOUNG UNIVERSITY 
LIBRARY 
PROVO, UTAH 


CONTENTS 


Officers of the Society for the year 1913-1914.............0......5..... 
Pee Crs GEOmy Ne SOCleb awe ce.) Abie SNe ae could de Lesuleeiddaresre des 
Pre stO mE NeR SOCIOL Va tet) inp pike LAN ee ol 6 dab eS acbaled tee wales 
ORE ee Ost) Ore er ert th aah hat Vos ee tsk, ills sadly ayer vie 8 ol aee ee 
Annauiveport. of the Board of Trustees. .....03 0. Sel ke ee 
LRSSIVOUTE OV. ME Wee VSIPE TES Ge tie co STR Sk SR Sa 1 el ne a 


iKg 


10. 


ib. 


12 


Recenter WUC nOGS ik See ge eck Pans ed wee 2 
By Arthur 8. Watts. 


MWeLG COMI ClC SINEAD OLALOLYemitak Sc: CS 8k oo haces alee de woke. 


By Dr; A. L. Day. 


The Work of the National Bureau of Standards.................. 
By Dr. 8S. W. Stratton. 


Mpoblenis in oilieates( heniictry.. ©... .. 26. aes. ose ctyis se ¥ebe: 
By Dr. F. W. Clarke. 


Mme xperiment In-Ceramic Hducation... 05... 60. skier eee 
; By Herford Hope. 


The Effect of Overburning upon the Structure of Clays.......... 
By A. V. Bleininger and E. T. Montgomery. 


The Use of Cost Figures in Plant Administration................ 
By Dwight T. Farnham. 


A Commercial Method of Testing Feldspar.................. 
By J. Minneman. 


A Simple Graphic Method of Recording the Operation of Kilns.. 
By F. H. Riddle. 


The Effect of Zine in Underglaze Colors Containing Chromium. . 
By Forrest K. Pence. 


Hydrous Silicates Formed under Steam Pressure................. 
By L. E. Barringer. 


ihe production ofr a bink Vitritied Hloor Pilesic. 66s od nea etet ews 
By Ralph Heidingsfeld. 


. 101 


112 


118 


13. 


14. 


15. 


16. 


Ws 


18. 


19: 


20. 


21. 


22. 


23. 


24. 


20. 


26. 


CONTENTS 
PAGE 
Feldspar and a Deformation Study of Some Feldspar and Feld- 

spar-Quartz Mixturés. 2.052... 9. ee ee ce 144 
By Arthur 8. Watts. 

The Melting Points of Refractory Materials................ ge meg) 7A 

By C. W. Kanolt. 

A Note on Rational Analysis and Glaze Fit.... in tay eva ee 177 
By Charles F. Binns. 

The Effects of Some Electrolytes on Typical Clays............. 184 


By. ©.'H. Kerr and C. E: Fulton. 


The Function of Time in the Vitrification of Clays. asc ere 193 
By G. H. Brown and G. A. Murray. 


Deformation Study of Kaolin-Feldspar Mixtures................ 217 
By Hewitt Wilson. 


Tests of Floor Tile...... CERN mr eR his Sk So 233 
By F. B. O’Connor. 


Strength Changes Noted in Laboratory Drying a2 oe ea ee 270 
By C. H. Kerr and R. J. Montgomery. 


A Vocational School for Clay Workers wae 279 
By George C. Greener. 


The Relation Between Composition and Density of Feldspathic 
Porcelains , o'r. ee ae ees ne an 285 
By Amos P. Potts and Harry F. Knollman. 


The Mineralogical “Examination Of .Clays. --ae.0e ee eee 322 
| By William J. McCaughey. 


The Viscosity of Porcelain Bodies.............. 2 sa) wii eek eee 328 
By A. V. Bleininger and Paul Teetor. 


Note on the Electrical Separation of Clay....................-. 2384 
By A. V. Bleininger. ; 


Strength of Clay Bars as Influenced by the Temperature of Dry- 
INQ ceca Vou dwar eben, RRR De es ene te or 345 
By C. H. Kerr and R. J. Montgomery. 


27. 


29. 
30. 
dl. 
32. 
33. 
34, 
30. 


36. 


37. 


38. 
39. 


40. 


CONTENTS | 5 


PaGE 
Details of a Successful Gravity Haulage System Operating Upon 

Worn Ca ales teases or ne aah ok ee GW es bac Seas ode Bea 354 
By Frank H. Riddle. 

Otto eH IMO CUONeryTOMELTY A000, Soler bone adc beet ci obec veh ee 364 
By Edward C. Stover. 

A Method of Testing Crazing of White Ware................... 368 
By Herman Harkort. 

Silicate Engineering or Ceramic Engineering, Which?............ 373 
By Samuel Geijsbeek. 

Note on Standard Testing UC CSR stewie Mn gee LN eee 5.6 375 

By C. H. Kerr. 
Examidatron, of Commercials al ss, cakrusge isd Vee ecincnc + Cones: 381 
By William J. McCaughey. 
DIODE NOL Ca erier eh. eal Rene ROME OES ME a a dy 388 
By Herford Hope. 

PE ete VAS COSUMOL CIN PREM Matis. ciccad ie os sau festa bus doers xe od oes 401 
By Warren E. Emley. 

UUAU Re, UC ome me aD NTR Mae ARG tia” Sat ot, 1), ss). Ses Ree se a 413 


By Forrest K. Pence. 


Properties of Portland Cement as Affected by Different Burning 
LERON, 08 RGM ANN HES e LAS Coe Sata Sl 2 420 


The Successful Operation of a Continuous Kiln Fired by Pro- 
PLCS UG NTT SER Ro” «2, 0 SO Re Oe se 9 ne 444 
By 8. Geijsbeek. 


Graphie Granites as Sourceot Feldspar ....... ..6.00.5. 645 ¥2.008: 451 
By Arthur 8. Watts. 


Pet OCesetOl Naki MOr Se ilary WAT Cs iii. dip, ov ciselacs eo dioc sda tb tos 467 
By J. B. Shaw. 


ihe Physical Chemistry of Seger Cones.u.0.....) 0.062.800 03 0... 482 
By Robert B. Sosman. 


41. 


43. 


44. 


46. 


47. 


48. 


AQ. 


50. 


ol. 


53. 


4, 


55. 


CONTENTS 
: PaGE 
Coefficient of Expansion of Porcelain Body Mixtures............ 499 
By Ross C. Purdy. 

The Electrical Conductivity of Clays and Clay Suspensions..... 523 
By A. V. Bleininger and C. 8. Kinnison. 

Tale asa Body Materialia oe er ee 532 
By C. W. Parmelee and G. H. Baldwin. 

Study of Some Calcareous and Magnesian Slags................. 547 


By A. V. Bleininger, G. H. Brown and C. 8. Kinnison. 


The Temperature-Porosity Relation of a Clay Prepared in the 
Plastic and intthe Moist» Condition? 45 3.7 ee eee ee ee 570 
By A. V. Bleininger. 


Use of the Casting Process for Large Clay Wares............... 573° 
By GJ Kink 


Some Chemical Reactions of Interest to the Plate Glass Chemist 585 
By F. Gelstharp. 


Notes on the Cause:of Matness in Glazess.-....) 25. eee eee 591 
By A. R. Heubach. 


An Investigation of the Surface Devitrification of Glasses Under 
Thermal After-Treatment............ ore elk Saba Shek al eee eet eae 600 
By C. J. Brockbank. 


The Development, of Special Refractory Bodies...)...... 4... -. 606 
By E. T. Montgomery. 


Leadless ‘Hnamels3.) ot 3 Ae a ee 620 
By Homer F. Staley and George P. Fisher. 


Notes on’ Mat. Glavesta ae 2-2) en eee Bee Okie Me 628 
By Amos P. Potts. 


The Clay Deposits,of, Orégon 327 lp c aan ee ee eee 644 
By Samuel Geijsbeek. 


Note on the Popping. of: Limes 0.2.9) ae ee 659 
By 8. E. Young. 


A Pioneer Attempt to Use Fuel Oil in a, Pottery...2..2 >) .e ee 661 
| By Thomas Gray. 


56. 
ov. 


58. 


og. 
60. 


61. 


CONTENTS fi 


PaGE 
Pier Ericki tN CUSUTIES Ol HIUTODE (0) ioe os oy ke ele ce ck a daes ee 670 
By G. Swon. Cronquist. 


GS ascrocanGandses AMINGECESSIE Wri li. Cas ln uiley «ede oie sew los des 684 
By Alexander Silverman. 


A Study of the Relations Between Fusibility and Heat Range in 
GAZES halts ae Se so. y ae Lee. RTA: Rp SIN? ba A a a 694 
By Homer F. Staley. 


The Requirements of Glass for Bottling Purposes........... eee UO 
By Re b, Frink. 


Retractory Linings for Rotary Cement Kilns................0-.. 728 
By Harold A. Henry. 


CTE RCSSCO TD OCICS set ene ac a Sten aula woes ce ols pee tie oo, (aa 
By Forrest K. Pence. 





AMERICAN CERAMIC SOCIETY 9 


OFFICERS 
For the Year 1913-1914 


President 

cat tb Dual") O59 "4 278 1 Ir. eo a Columbus, Ohio 

Vice President 
Po inishie tO Tet NG RR iss wll ales tes cs eee e ews Chicago, III. 
. Secretary 

EUV EV a AER UO INGSE EU 0's Baad Rn Batt «alsa « He dauaeledeats owls Columbus, Ohio 
Treasurer 

BER EORD HOPE. ccc. Tose £ ace LER ee OUR ae Ue New Brighton, Pa. 


BOARD OF TRUSTEES (1913-1914) 


The four above-named officers and 


J. PARKER B. FISKE, term expires 1914 
HAROLD P. HUMPHREY, term expires 1915 
F. W. WALKER, term expires 1916 


EX-PRESIDENTS AND WHERE MEETINGS 
HAVE BEEN HELD 


HERBERT AY, WHEELER. .!....... 13001000. ee tena Columbus, Ohio 
PeIOARL GCANGENBEGK.2 32.90.54: POOO 21901. de hain Bee Detroit,Mich. 
CHARLES TE: BINNS caiss ba: 2: 1901-1902....Old Point Comfort, Va. 
BRNECE MAYER, :.. cr aeeeabes. . 1902-1903............Cleveland, Ohio 
BDWARDAC STOVER). 242.5. 27 19081904 Le eae tes Boston, Mass. 
EPRANCIS°W. WALKER............1904-1905... 0.03... Cincinnati, Ohio 
MibiniebA ESD GATES: 6 hl ak 1905-1906.......... Birmingham, Ala. 
WILLARD D. RICHARDSON..... 1OGG-1907% A Tennae Philadelphia, Pa. 
eee Ce DUR i et ee s,s 1907-1908. od iy. St. Louis, Mo. 
PALDERIEAV> BLELNINGER,...... 1908-1909............Columbus, Ohio 
BOGS tO BPURD Ve... so kas iu bis FOOT= 19108) 0 2. ae: Pittsburgh, Pa. 
BPEEN ICH RIGS) occa. fs he iduee's ROU LON lew ceten sok: Trenton, N. J. 
‘CHARLES. WEELANG2\/i0... 0003 .s. VOT TE LOL mee fe shocks os Chicago, III. 


MELAS WAT POrct an Ses. : 1912=1913e.50.52. ..Washington, D. C. 


10 MEMBERSHIP LISTS 


HONORARY MEMBERS 


DEUTSCHER VEREIN FUR TON-, ZEMENT- UND KALKINDUS- 
TRIE, Hon. Albert March, President, Dreysestrasse 4, Berlin, N. W.., 
Germany 

ENGLISH CERAMIC SOCIETY, Hon. C. W. Thomas, President, Brierley 

‘Hill, 8. Staffs., England 

STORER, MRS. MARIA LONGWORTH (Mrs. Bellamy Storer), Founder 
of the Rookwood Pottery Company, Cincinnati, Ohio 

BRANNER, JOHN C., PH.D., President, Leland Stanford Junior Gne 
versity 


CONTRIBUTING MEMBERS 


FISKE AND COMPANY, INCORPORATED..... New York City, N. Y. 
THE HYDRAULIC PRESSED BRICK COMPANY...... St. Louis, Mo. 
THE PITTSBURGH PLATE GLASS COMPANY........Pittsburgh, Pa. 
THE WESTERN: BRICK*GOMPANY 3.2059 2p een oe Danville, Il. 


AMERICAN CERAMIC SOCIETY dt | 


FOREIGN MEMBERS 


GREAVES-WALKER, A. F., 
Toronto, Canada 
Hevupacu, A. R., 
Schorndorf, near Stuttgart, Germany 
KEELE, JOSEPH, 
Mining Bldg., Toronto University, 
Toronto, Canada 
KOERNER, J. A., Pu.D., 
Coburg, Germany 
PUKALL, WILHELM, Pu.D., 
4 Bergstrasse, Bunzlau, Germany 
RIpvpLE, FRANK H., 
Abbotsford, B. C. 
SinGcER, Feix G., Dipl.Ing., 
Bunzlau, Germany 
TAKAHASHI, KAKUICHIRO, CR.E.., 
Suita, near Osaka, Japan 
WorcrsTEeR, WOLSEY G., 
Calgary, Alberta, Canada 
ZIMMER, WILLIAM H., Pu.D., 
Waldershof, i Fichtelgebirge, Bavaria, 
Germany 


General Manager, Sun Brick Com- 
pany, Limited 

Technical Manager, Porzellanfabrik, 
Bauer & Pfeiffer 

Geologist, Geological 
Canada. 


Survey of 


Editor, Sprechsaal 
Director, Royal School of Ceramics 


Norton-Griffith Steel Construction 
Company 

Manager, Schlesisches 
rium fir Tonindustrie 

Glass Works Engineer, Dai Nippon 
Brewing Company 

Manager, Tregillus Clay Products 
Company 

Manager, Johann Haviland Porce- 
lain Factory 


Laborato- 


RESIDENT MEMBERS 


AUBREY, ARTHUR J., 
285 Lora Ave., Youngstown, O. 
BARRINGER, L. E., E.M. (in Cer.), 
Schenectady, N. Y. 
Binns, CHarues F.; M.Sc., 
Alfred, N. Y. 
BLEININGER, ALBERT V., B.Sc., 
Fortieth & Butler Sts., Pittsburg, Pa. 
Brown, Georce H., Cr.E., 
Fortieth & Butler Sts., Pittsburg, Pa. 
Burt, STANLEY G., 
Cincinnati, O. 
CaANNAN, WILLIAM, JYr., 
620 Park Ave., Syracuse, N. Y. 
Conk.inG, Ira L., 
24 South Seventh St., Philadelphia, Pa. 
Couuter, L. B., E.M. (in Cer.), 
457 12th St., Niagara Falls, N. Y. 


Assistant General Superintendent, 
Bessemer Limestone Company 
Engineer of Insulations, General 

Electric Company 


’ Director, New York State School of 


Clayworking and Ceramics 
Bureau of Standards 


Assistant Ceramic Chemist, Bureau 
of Standards 


Rookwood Pottery Company 
Pottery Salesman 


President, Conkling-Armstrong 
Terra Cotta Company 

Ceramic Engineer, Carborundum 
Company 


12 MEMBERSHIP LISTS 


Cowan, R. Guy, B.Sc. (in Cer.), 
1360 Nickolson St., Cleveland, Ohio 
_ Ernest, THomMas REvuBEN, PH.D., 
20 West Maple St., Chicago, Ill. 
FarnHAM, Dwiaut T., A.B., 
1007 Hoge Bldg., Seattle, Wash. 
Fickres, WALTER M., E.M. (in Cer.), 
Niagara Falls, N. Y. 
Fiske, J. PARKER B., B.S., 
Arena Bldg., New York, N. Y. 
Fox, Harry B., M.S8c., 
Sparta, Mich. 
FRINK, Rospert L., 
Lancaster, Ohio 
GALPIN, SypNEY L., A.B., A.M., 
Atlanta, Ga. 
GaRvE, T. WALTER, M.E., 
122 W. 3d Ave., Columbus, Ohio 
Gates, Exxis D., 
103 N. Water, St., Mobile, Ala. 


Gates, Witu1AM D., A.M., 
People’s Gas Bldg., Chicago, Ill. 


GEIJSBEEK, SAMUEL, 
604 Blake-McFall Bldg., Portland, Oregon 
GELSTHARP, FREDERICK, 
Creighton, Pa. 
GrRapDy, Ropert F.,. 
St. Louis, Mo. 
Gray, THOMAS, 
143 Pleasant St., Arlington, Mass. 
Hart, EpwARD, PH.D., 
Easton, Pa. 
Hicr, Ricwarp R., E.M., 
Beaver, Pa. 
Horr, Herrorp, 
Beaver Falls, Pa. 
HotTrincEeR, ADOLPH F., 
Chicago, Ill. 
Hutu, Water A., E.M., (in Cer.), 
Lookout Mountain, Tenn. 
Humeurey, H. P., E.M. (in Cer.), 
Trenton, N. J. 
JACKSON, C. Epwarp, 
Wheeling, W. Va. 
KREHBIEL, JUNIUS F., 
Columbus, Ohio 
LANDRUM, Rosert D., B.S., M.S., 
Canton, Ohio 
Lovesoy, Exuis, E.M., 
Bullitt Park, Columbus, Ohio 


The Cowan Pottery Studio 


Assistant General Manager, Denny- 
Renton Clay and Coal Company 


Aluminum Company of America 
Fiske and Company, Incorporated 
Properietor, Sparta Clay Works 


Engineer, Columbus Plate and Win- 
dow Glass Company 


Georgia State Geological Survey 


Mechanical Engineer, Richardson- 
Lovejoy Engineering Company 


President and General Manager, 
American Terra Cotta and Ce- 
ramic Company 

Gesijbeek Engineering Company 


Chemist, Pittsburgh Plate Glass . 
Company 


Manager, St. Louis Terra Cotta 
Company 


New England Pottery Company 


Professor of Chemistry, Lafayette 
College 


Fallston Fire Clay Company and 
State Geologist of Pennsylvania 


Mayer Pottery Company, Limited 


Northwestern Terra Cotta Company 


Cook Pottery Company 
President, Warwick China Company ~ 


Testing Laboratory of Edward Or- 
ton, Jr. 

Chemical Engineer, The General 
Stamping Co. 

Manager, Richardson-Lovejoy En- 
gineering Company 


AMERICAN CERAMIC SOCIETY 13 


Mayer, ARTHUR ELLIS, 
Beaver Falls, Pa. 
Mayer, ERNEST, 
Beaver Falls, Pa. 


MontcomeEry, E. T., E.M. (in Cer.), 
Alfred, N. Y. 


Moors, JoSEFH K., B.Sc., 
2008 People’s Gas Bldg., Chicago, Ill. 


OgpEN, ELLSWORTH, 
Tottenville, Staten Island, N. Y. 
Oete, Eart. Mck., 
Indianapolis, Jade 
Orton, Epwarp, Jr., E.M., 
Columbus, Ohio 
PARKER, LEMON, 
3314 Morganford Road, St. Louis, Mo. 


PARMELEE, CULLEN W., B.Sc., 
_ New Brunswick, N. J. 

Pass, JAMES, 
Syracuse, N. Y. 

Pence, Forest K., B.A., Cr.E., 
Zanesville, Ohio 

Purpy, Ross C., Cr.E., t 
Worcester, Mass. 

RICHARDSON, WILLARD D., A.M., 
Shawnee, Ohio 

Riss, Hernricu, Pu.D., 
Ithaca, N. Y. 

SHAW, JOSEPH BRADFIELD, Cr.E., 
145 Amabelle St., Pittsburgh, Pa. 

SImcok, GEORGE, 
Trenton, N. J. 

‘StaLey, Homer F., A.B., 
Pittsburgh, Pa. 

STEPHANI, WILLIAM J., 
Crum Lynne, Pa. 

Stover, Epwarp C., 
474 W. State St., Trenton, N. J. 

Stuuu, Ray TuHos., E.M. (in Cer.), 
Urbana, Ill. 

Wa ker, Francis W., Pu.G., 
Beaver Falls, Pa. 

Watts, ARTHUR &., 
Columbus, O. 

WEELANS, CHARLES, 
Trenton, N. J. 


WHEELER, HERBERT A., E.M., . 
510 Pine St., St. Louis, Mo. 


iN 


With Mayer Pottery Company, Lim- 
ited 
Mayer Pottery Company, Limited 


Assistant Professor of Ceramic Tech- 
nology, New York State School of 
Clayworking and Ceramics ; 

American Terra Cotta and Ceramic 
Company 

Factory Engineer, Atlantic Terra 
Cotta Company 

United States Encaustic Tile Works 


Professor of Ceramic Engineering, 
Ohio State University 

Vice-President and Superintendent, 
Parker-Russel Mining and Manu- 
facturing Company 

Director, Department Clayworking 
and Ceramics, Rutgers College 


Onondaga Pottery Company 


Ceramic Engineer, American En- 
caustic Tile Company 


Research Department, Norton Com- 


pany 

The Claycraft Mining and Brick 
Company 

Professor Economic Geology, Cor- 
nell University 

With Pittsburgh Testing Laborato- 
ries 

Superintendent, Electrical Porce- 
lain Manufacturing Company 

Technical Director, Standard Sani- 
tary Manufacturing Company 

Superintendent, The O. W. Ketcham 
Terra Cotta Company } 

Assistant General Manager, Trenton 
Potteries Company 

Assistant Professor of Ceramics, 
University of Illinois 

Secretary and Treasurer, Beaver 
Falls Art Tile Company 

Professor Ceramic Engineering, 
Ohio State University 

Superintendent, Monument Pottery 
Company 

Consulting Engineer, Mining, Met- 
allurgical and Ceramic Work 


14 MEMBERSHIP LISTS 


FOREIGN ASSOCIATE MEMBERS 


AYER, KENNETH B., B.A., B.Sc., 
Fort William, Ontario, Canada 
BARRETT, MAvRICE, 
Cliff Lawn, Hyde Park, Leeds, England 
BECKWITH, Caru FENNER, Cr.E., 
Calgary, Alberta, Canada 
Bowers, Henry L., 
Port Hope, Ont., Canada 
CARTER, OWEN, 
“Wykeham,” Poole, England 
CHENEY, M. B., Cr.E., 
Inglewood, Ontario, Canada 


Ciuxton, W. HaRo.p, 
Peterborough, Ontario, Canada 


Cons, JoHN W., 
Leeds, England 
CovuLTEeR, ALLEN 8., Cr.E., 
Reisholz bei Dusseldorf, Germany 
CRoNQUIST, GUSTAF WERNEISSON, 
C.E., 
Torekow, Sweden 
Dr Luzn, HENRI, 
Avenue de Poitiers, Limoges, France 


Dorst, Max, M.E.., 
Oberlin, S. M., Germany 
ELEoD, KENDE, 
Beregzasz, Hungary 
FREDRIKSSON, NILS, 
Svedala, Sweden 
Fusive, NAGATAKA, 
Kyoto Tojiki Shikenjo, Gojosaka, 
Kyoto, Japan 
GoppArRD, WALTER T., E.E., 
Hamilton, Canada 
GRIFFIN, Cary H., 
Wesseling, bei Koeln, Germany 
Harxkort, Hermann, Dr. Ing., 
Driesen, Ostbahn, Germany 
HAVILAND, JEAN, 
Limoges, France 
Herrtman, Karu Joan, B.S., 
2050 Tenth Ave. West, Calgary, 
Alberta, Canada 


Manager, Superior Brick Company, 
Limited 
Leeds Fire Clay Company 


The Tregillus Clay Products Com- 
pany 
Chemist, Cast Iron Enamel Work 


Carter Encaustic Tile Works 
Shale Products, Limited 


Superintendent, Porcelain Depart- 
ment, Canadian General Electric 
Company 

Professor, Fuel Department, The 
University 

Deutshe-Carborundum-Werke 


Secretary, Consulting Engineer and 
Editor, The Association of Swed- 
ish Brick Industry 


Ingenieur des Arts and Manufacture, 
Theo. Haviland, Porcelain Manu- 
factory 


Representative, Maschiner Fabrik 
Dorst 


Director, Ceramic School 


Director, Ceramic Department, 
Higher Technical School of Osaka 


Canadian Porcelain Company 
Deutsche Norton Gesellschaft M. V. 
H 


Technical Director, Steingutfabrik, 
Vordamm 


Technical Director, Haviland and 
Company 
Tregillus Clay Products Company 


AMERICAN CERAMIC SOCIETY 15 


HEINZ, GUSTAV, 

Neuhaus, am Rwg., Thuringia, Germany 
Hirano, KOSUKE, 

Tokyo, Japan 


Horsiey, THomas Norris, 
193 Tuam St., Christchurch, New Zealand 
JENKINS, NEWELL SILL, D.D.S., 
Thorwald, Loschurtz bie 
Dresden, Germany 
LEvinGs, G. v. B., 
Parral, Chih., Mexico 
MARSON, PERCIVAL, 
Stourbridge, England 
MeEtior, J. W., Pa.D., 
19 Villas, Stoke-on-Trent, England 
MiILuaR, JNO. B., | 
Clayburn, British Columbia 
MomokI, SABURO, 
84 Kobayashi-Cho, Nagoya, Japan 
Mouvtton, D. A., 
Credit Forks, Ontario, Canada 
OcprEN, Lester, Cr.E., 
Sudbury, Ontario, Canada 
Pravpo, José DE J., A.B., M.E., 
P. O. Box 125, Havana, Cuba 
RAMSDEN, Crri E., 
76 Torquay Road, 
Newton Abbot, Devon, England 
RUSSELL, JOSEPH, 
437 Jarvis St., E. Toronto, Canada 
SHANKS, DovuG.Las, 
Barrhead, Scotland 
SHANKS, JoHN ARTHUR GORDON, 
Dalmeny Park, Barrhead, Scotland 
SHOEMAKER, GEORGE W., 
Box 1028, Moose Jaw, 
Saskatchewan, Canada 
Sweet, GrorGeE A., F.G.S., 
‘The Close,’’ Brunswick, 
Victoria, Australia 
THOMAS, CHARLES WILLIAM, 
Pedmore, near Stourbridge, England 
VILLALTA, JOHN F. R.., 
Barcelona, Spain 


Professor Ceramic Department, The 
Higher Technological School of 
Japan 


Manager, Christchurch Brick Com- 
pany 


Mining Engineer 


Consulting Ceramist, 116 High St., 
Amblecote 


Instructor in Pottery and Porcelain, 
Victoria Institute 


Clayburn Company, Limited 
pene Nippon Toki @amen Kore 
Credit Forks Brick Company 
Sudbury Brick Company 


Manager, Ceramica Cubana 


Technical Chemist, Candy and Com- 
pany, Limited 


Brick Manufacturer 
Manager, Victorian Pottery 
General Sanitary Engineering Work 


The Saskatchewan Clay Product 
Company, Limited 


Proprietor, Brunswick Brick, Tile 
and Pottery Works 


Managing Director, E. J. and J. 
Pearson, Limited 

Agent, American Clay Machinery 
Company 
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RESIDENT ASSOCIATE MEMBERS 





ACHESON, Epwarp GoopRIcH, 
Niagara Falls, N. Y. 
ALBERY, DUANE FAxon, Cr.E., 
North Crystal Lake, Ill. 
ALLEN, FRANCIS BOUTELLE, Cr.E., 
Derry, Pa. 
APPLEGATE, D. H., JR., 
Red Bank, N. J. 
Arsocust, Cuas. O., Cr.E., 
Hamilton, Ill. 
Back, RoBERT, 
Washington, D. C. 
Baaes, ARTHUR E., 
Marblehead, Mass. 
BaAILAR, JOHN C., B.S., and M.A., 
Golden, Colo. 
Baupwin, Geo. H., B.S., 
Box 192, Denville, N. J. 
BarRTELLS, H. H. 
Gallup, New Mexico 
Bates, P. H., B.Sc., 
40th and Butler Sts., Pittsburgh, Pa. 
Brpson, WILLIAM, 
R. D. 4, Lawrence Road, Trenton, N. J. 
BEECHER, Mitton F., 
Station ‘‘A,’’ Ames, Iowa 
Bez, M. LuEwe.tyn, B.S., 
407 Franklin Ave., Wilkinsburg, Pa. 
BERRY, CHARLES W., 
2651 Clifton Ave., St. Louis, Mo. 


BERRY, EDWARD R.., 
107 Cross St., Malden, Mass. 


Best, Haronrp A., 

122 Hamilton St., New Brunswick, N. J. 
BisH, Howarp A.., 

Carey, Ohio 
Buarr, WILLIAM P., 

Cleveland, Ohio 
BLOOMFIELD, CHARLES A., 

Box 652, Metuchen, N. J. 
Boeck, Percy A.., 

1736 Morgan Place, Hollywood, California 
Bogarpvs, C. E., B.S., 

90 Columbia St., Seattle, Wash. 


President, Acheson Company 


Assistant Chemist, American Terra 
Cotta and Ceramic Company 


Ceramic Engineer, Pittsburgh High 
Voltage Insulator Company 


Manager, Crescent Brick Company 


Hamilton Clay Manufacturing Com- 
pany 
United States Bureau of Mines 


Manager, Marblehead Pottery 


Assistant. Professor of Chemistry, 
Colorado School of Mines 


Ceramic Engineer, New Mexico Fire 
Brick Company 


Chemist, Bureau of Standards 


Assistant Manager, Elite Pottery 
Company 


Carnegie Steel Company, Braddock, 
Pa. 


Chemist, Laclede-Christy Clay Prod- 
ucts Company 


Chief Chem. Engineer, Laboratory 
General Electric Company’s Lynn 
Works 4 | 


Assistant Superintendent, National 
Electric Porcelain Company 


Secretary, National Paving Brick 
Manufacturer’s Association 


Treasurer, Bloomfield Clay Com- 
pany 
Chemical Engineer 


Assayer and Chemist 


AMERICAN CERAMIC SOCIETY 17 


BooraEM, J. Francis, M.E., and 
E.E. 
1182 Broadway, New York, N. Y. 


BouRNE, Enocu G., 
136 Ingram Ave., Trenton, N. J. 
BowMaNn, Rosert K.., 
Trenton, N. J. 
Bowman, WiuLuiAM J. J., C.E., 
Trenton, N. J. 
Brapy, Hucu SosizskI, 
Washington, Pa. 


Bragcpon, WILLIAM V., 
Cer.), 
4424 Delmar Ave., St. Louis, Mo. 


BRAND, JOHN JULIUS FREDERICK, 
West Salem, IIl. 

Branpt, Gro. F., 
Box 314, Minerva, Ohio -= 


Bray, ARCHIE C., Cr.E., 
Helena, Mont. 


B.Sc. (Gin 


Bricas, LEONARD S., 
Haydenville, Ohio 
Brock, FRANK PETERSON, B.Sc., 
1308 Ohio St., Lawrence, Kansas 
BROCKBANK, CLARENCE J., 
Niagara Falls, N. Y. 
BROWER, FRED., 
Shawnee, Ohio 
’ Brown, EDMUND 
Perrysburg, Ohio 
Brown, RaAupH E., 
740 Pearl St., Ottawa, IIl. 
BRUNER, WILLARD LYNN, 
233 High St., Perth Amboy, N. J. 
Bryan, Merriuu L., 
Seattle, Wash. 


Burr, FRAncis T., 
150 Nassau St., New York, N. Y. 
Burr, RoBeRT BRINKERHOFF, 
Columbus, Ohio 
BUTTERWORTH, FRANK W., 
Danville, Ill. 
Case, Davis A., M.E., 
Box 1017, Renton, Wash. 
CALDWELL, FRANK WaLkeER, B.S., 
in M.E., 
Lookout Mountain, Tenn. 
CALDWELL, JOHN A.., 
Frostburg, Md. 


Treasurer and Manager, American 
Enameled Brick and Tile Com- 
pany 

Thomas Maddock’s Sons Company 


Treasurer, Trenton Fireclay and 
Porcelain Company 

Trenton Fireclay and Pocelain Com- 
pany | 

Engineer, Hazel Atlas Glass Com- 
pany, Factory No. 2 

Ceramic Division, Academy of Art, 
University City 


Superintendent, West Salem Hollow 
Brick and Tile Company 

Clay Shop Foreman, Owen China 
Company 

Assistant Superintendent, General 
Ceramic Work, Western Clay 
Manufacturing Company 


National Fire Proofing Company ' 


Metallurgical Engineer, Carborun- 
dum Company 

The Claycraft Mining and Brick 
Company 

General Manager, Edward Ford 
Plate Glass Company 


Ceramic Chemist, Roessler and 
Hasslacher Chemical Company 
Superintendent, Terra Cotta De- 
partment, Denny-Renton Clay 

and Coal Company 

Manager, Richmond Kaolin Com- 
pany 

Logan Natural Gas and Fuel Com- 
pany 

General Manager, Western Brick 
Company 


Chemist, Cast Iron Enamel Work, 
Cahill Iron Works 


Vice-President and General Man- 
ager, Savage Mountain Fire Brick 
Company 
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CAMPBELL, A. R., 
Metuchen, N. J. 
CaARDER, FREDERIC R., 
Cornine Neve 
Case, W. W., JR., 
Denver, Colo. 
CERMAK, FRANK, 
116 4th Ave., Schnectady, N. Y. 
CHAMBERS, A. R.., 
138 W. State St., Trenton, N. J. 


Cuase, Marcu F., B.Sc., 
Depue, Ill. 


CHIGD ed Lise 
Findlay, Ohio 
CHORMANN, Otto IRVING, 
Rochester, N. Y. 
CLAFLIN, W. N., 
Lancaster, O. 
Cuark, ARTHUR B., M.AR., 
Stanford University, California 
CLARK, JOHN, 
187 Browne Ave., Flushing, N. Y. 
Cuiark, Tuos. W., E.M. (in Cer.), 
Ginger, Texas 
Coss, Ropert WEEKS, B.Sc., 
Wellesley, Mass. 
CoNKLING, SAMUEL O., 
Philadelphia, Pa. 
Cooxg, M. E., 
1550 Clifton Ave., Columbus, Ohio 
Corsoy, WILLIAM J., PH.B., 
4742 Grand Boulevard, Chicago, Ill. 
CoVan, H. E., 
Cleveland, Ohio 
Cowan, Lou A., 
Houston, Washington County, Pa. 


Cox, HrRALD Newton, B.Sc., 
Woodhaven, N. Y. 


CRISTIANA, ESTAVAN F., 
Maurer, N. J. 


Crook, CHARLES M., 
Catskill, N. Y. 


Curtine, J. WORCESTER, 
Cambridge, Mass. 


Danver, James H., 
Zelienople, Pa. 


DrEaANn, CHARLES A., Cr.E., 
Worcester, Mass. 


Federal Terra Cotta Company 


Manager and Chemist, Stuben Glass ° 
Works 
President and Manager, Denver 

Fire Clay Company 
Foreman, Porcelain Works, General 
. Electric Company 
Fire Brick Manufacturer 


General Superintendent, Mineral 
Point Zine Company; Greendale 
Plant 


Hancock Brick and Tile Company 


Chemist, The Pfaudler Company 


Lancaster Leather Board Company 


Head Department of Graphic Arts, 
‘Leland Stanford Junior University 


Superintendent, New York Archi- 
tectural Terra Cotta Company 


Superintendent, Fraser Brick Com- 
pany 

Teacher in Chemistry, Wellesley 
High School 


Superintendent Conkling-Arm- 
strong Terra Cotta Company 


Studio for Architectural Sculpture 


American Terra Cotta and Ceramic 
Company 


Price Electric Pyrometer Company 


Chief Chemist and Division Super- 
intendent, Lalance and Grosjean 
Manufacturing Company 

Architectural Tile and Faience Com- 
pany 

Tidewater Paving Brick Company 


Superintendent, A. H. Hews and 
Company, Incorporated 


Superintendent, Iron City Sanitary 
Manufacturing Company 


Research Department, Norton Com- 
pany 
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Dr Rosay, D. WARREN, 
Corry, Pa. 


DrVoz, Cuas. H 
Old Bridge, N. J. 


Dossins, T. Monrog, 
Camden, N. J. 
Dornsacu, Wn. E 
Warrior, Ala. ; 
Dunwopy, W. E., 
Macon, Ga. 
Dyer, BRAINERD, A.B., B.S., 
Cleveland, Ohio’ 
Easton, H. D., 
430 Transylvania Park, Lexington, Ky. 
_EBINGER, Davip Huco, M.E., 
Columbus, Ohio 
Epa@ar, Davip RAymMonp, 
Metuchen, N. J. 
ELLERBECK, WM. Lzron, D.D.S., 
703 Boston Bldg., Salt Lake City, Utah 
EMLEY, WARREN, E., B.S., Cu.E., 
40th and Butler Sts., Pittsburgh, Pa. 
ESKESEN, BENNET, K., 
Matawan, N. J. 
Evatt, FRANK G.., 
705 Fulton Bldg., Pittsburgh, Pa. 
FAckr Gro. P.; 
Denver, Colo. 
FALKENBURG, M. J., M.S., 
95 Yesler Way, Seattle, Wash. 


FARREN, Mase. C., 
303 B Iroquois Apartments, 


3600 Forbes St., #ittsburgh, Pa. 


Pn eneon Sruas M., Sr., 
Core: W. Va. 


FisHER, BEN S., 
Union Furnace, Ohio 


FisHer, Douauas J., 
Sayreville, N. J. 


FOERSTERLING, Hans, PH.D., 
100 William St., New York, N. Y. 
Forp, BERGEN G., ; 
Philadelphia, Pa. 
Forst, A. D., B. S., 
Trenton, N. i: 
Forst, DANIEL Parry, A.B., 
3 N. Clinton Ave., Trenton, N. J. 


Fostser, JAMES H.., 
Buffalo, N. Y. 


General Manager, Corry Brick and 
Tile Company 


Assistant Superintendent, Old 
Bridge Enameled Brick and Tile 
Company 


Secretary and Treasurer, 
Pottery Company 


Superintendent, Southern Clay Man- 
ufacturing Company 


President, Standard Brick Company | 


Camden 


Head of Publicity Division, Na- 
tional Carbon Company 


Kentucky Geological Survey 


Superintendent, D. A. Ebinger Sani- 
tary Manufacturing Company 

Assistant General Manager, Edgar 
Brothers’ Company 

Manager, Nephi Plaster and Manu- 
facturing Company 

Assistant Chemist, Bureau of Stan- 
dards 

Superintendent, N. J. Mosaic Tile 
Company 

District Manager, 
Cotta Company 

General Manager, 
Cotta Company 

Falkenburg & Laucks, Consulting, 
Analytical, Inspecting Chemists 
and Engineers 

Instructor in Ceramics, Carnegie In- 
stitute of Technology 


Atlantic Terra 


Denver Terra 


Superintendent, Columbus Brick 


and Terra Cotta Company 
Sayre and Fisher Company 


Second Vice President, Roessler- 
Hasslacher Chemical Company 


Conkling-Armstrong Terra Cotta 
Company 

President, Robertson Art Tile Com- 
pany 

Robertson Art Tile Company 


Vice President and Treasurer, The 
Republic Metalware Company 
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Frasier, W. B., 
Wilson Bldg., Dallas, Texas 


FrericuHs, Wo. D., 
111 Broadway, New York, N. Y. 
FUHRMANN, FRANK J., 
3221 California Ave., St. Louis, Mo. 
FULLER, RaupH L., 
Cleveland, Ohio 
FuLper, W. H., 
Flemington, N. J. 
FULTON, CLARENCE Epwarp, Cr.E., 
Creighton, Pa. 
GALLOWAY, WILLIAM, 
3215 Walnut St., Philadelphia, Pa. 
GARRISON, AMOS, 
Pocatello, Idaho 
Gatss, A.W., 
Monmouth, Ill. 
Gatss, Masor E., 
Terra Cotta, Ill. 


Gates, Nein H., 
People’s Gas Bldg., Chicago, Ill. 


Gates, WILLIAM P., 
Terra Cotta, Ill. 


GLADDING, Aucustus L., B.Sc., 

Lincoln, Calif. 
GopFREY, Lypia B., Pu.B., 

. Grand-View-on-Hudson, N. Y. 

GOLDING, CHARLES E., 

Rear 217 8. Warren St., Trenton, N. J. 
Goop, RaupH E., 

Patton, Pa. 


GRAINGER, ALFRED C., 
801 Stuyvesant Ave., Trenton, N. J. 


GRANT, Henry W., 

124 Fourteenth Ave., Columbus, Ohio 
GREEN, J. L., C.E., 

St. Louis, Mo. 


GREENER, G. C., E.M. (in Cer.), 


Boston, Mass. 
GReEGoRI, JOHN N.;} 

Chicago, II. 
Grecory, M. E., 

Corning, N. Y. 


GrueBy, WILLIAM H., 
Boston, Mass. 


GUASTAVINO, RAFAEL, JR., 
The Fuller Bldg., 949 Broadway, 
New York, N. Y. 


President, Fraser Brick Company 
Federal Terra Cotta Company 


Student, School of Ceramics, Uni- 
versity City 

Partner, Harshaw, Fuller and Good- 
win Company 


Secretary and Treasurer, 
Pottery Company 


Pittsburgh Plate Glass Company 


Fulper 


Manufacturer of Terra Cotta 
Farmers and Traders Bank 


General Manager, Monmouth Min- 
ing and Manufacturing Company 

Superintendent, American Terra 
Cotta and Ceramic Company 


Secretary and Treasurer, American 
Terra Cotta and Ceramic Com- 


pany | 
American Terra Cotta and Ceramic 
Company 
Gladding, McBean and Company 


Director, Glen Tor Keramic Studio 


Manager, Trenton Department of 
Golding Sons Company 

Superintendent, Geo. 8. Good Fire 
Brick Company 


Beta ate a, payer and Manager, 
Greenwood Pottery Company 


Student, Ceramic Department, Ohio 
State University 

President, Laclede-Christy Clay 
Products Company 


Instructor in North Bennett Street 
Industrial School 


Kaln Burner, Northwestern Terra 
Cotta Company 

Proprietor, Corning Brick, Terra 
Cotta and Tile Company 


President, General Manager, 
Grueby Faience Company 

President, The R. Guastavino Com- 
pany 
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Gunniss, Winitam Heroup 

Black Eagle Club, Great Falls, Mont. 
Haut, Herman A., Cr.E., 

229 Higth St., 

7 Elmhurst, Long: Island, N. Y. 

Hau, Ropert T., 

East Liverpool, Ohio 
HAMILTON, JAMES 

Trenton, N. J. 
Hamixuton, W. L., 

Mt. Savage, Md. 
HanpkE, PauL ALBERT, 

202 E. Daniel St., Champaign, Ill. 
HANSEN, ABEL, 

Fords, N. J. 
Harpy, Isaac ERNEST, 

Momence, Ill. 
Hare, Rop’t L., 

Collinsville, Okla. 
Harker, H.N.., 

East Liverpool, Ohio 
Harper, JoHN LYALL, 

Niagara Falls, N. Y. 
Harris, CHARLES T., 
' Arena Bldg., New York, N. Y. 
HassuraG, JouHn W., 

1119 LaSalle Ave., Chicago, Ill. 
HASSLACHER, JACOB, 

100 William St., New York, N. Y. 
Hastines, FRANcIS N., 

Hartford, Conn. 
PEVAVARD, BT ., 

Madison, Wis. 
Havizanp, Pau B., 

45 Barclay St., New York, N. Y. 
Hawortu, ERASMUvs, 

Lawrence, Kans. 
HEIDINGSFELD, RALPH, B.Sc., 

301 E. Tenth Ave., Tarentum, Pa. 
HeEnpDERSON, H. B., B.Sc., 

5388 N. High St., Columbus, Ohio 
Henry, FRANK R., 

Dayton, Ohio 
Hin, Erce.t C., 

401 Vernon Ave., Long Island City, N. Y. 
Hine, Homer H., 

Wellsville, Ohio 


Hipp, Raupu T., 
Massillon, Ohio 


*Died June 1913. 


New York Architectural Terra Cot- 
ta Company 


Secretary and Treasurer, Hall China 
Company 

Superintendent, Ideal Pottery of 
Trenton Potteries Company 

Superintendent, Union Mining Com- 
pany 

Student, Ceramic Department, Uni- 
versity of Illinois 

Proprietor and Manager, 
Terra Cotta and S. Works 

Superintendent, Tiffany Enameled 
Brick Company 

Coffeyville Vitrified Brick and Tile 
Company 

General Manager, Harker Pottery 
Company 

Chief Engineer, Niagara Falls Hy- 
draulic Power Company 

New York Manager, Fiske and Com- 
pany, Incorporated 

President, John W. Hasburg Com- 
pany, Incorporated 

President, The Roessler and Hass- 
lacher Chemical Company 

Hartford Faience Company 


Fords 


Associate Professor of Metallurgy, 
University of Wisconsin 


Haviland and Company 


Professor, Geology, Mineralogy and 
Mining, University of Kansas 


Pittsburgh Plate Glass Company 


Superintendent, Pyrometric Cone 
Factory 


Manager, The Dayton Grinding 
Wheel Company 

Assistant Chemist, New York Ar- 
chitectural Terra Cotta Company 


Superintendent, McLain Fire Brick 
Company 
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Hipp, Ws. G., 
Massillon, Ohio 


Hitcuins, E. 8., 
Olive Hill, Ky. 
_Hovursovuripn, JUAN, 
Columbus, Ohio 
HuMPHREY, DwicHt ELMER, 
Cleveland, Ohio 
Hvortt, EpMonpD J., 
395 Fourth Ave., New York, N. Y. 
Hursu, RALPH KENT, 
Urbana, Ill. 
Irwin, DeWitt D., 
East Liverpool, Ohio 
JACQUART, CHARLES EDWARD, B.S., 
South River, N. J. 
JEPPSON, GEORGE N., 
286 W. Boylston St., Worcester, Mass. 
JOHNSTON, ROBERT Marsu, M.E., 
Rochester, N. Y. 
JUNGE, WILLIAM H., 
Glenview, Ill. 
Justice, IrHAMAR M., 
Dayton, Ohio 
KANENGEISER, FRED R., 
Bessemer, Pa. 
KARZEN, SAMUEL CHARLES, CR.E., 
Barberton, Ohio 


KBEHN, CLARENCE C., B.A., 
Canandaigua, N. Y. 


KEELER, Rurus B., 
Lincoln, Calif. 


Kerwnprick, J. Luctus §., 
Kerby Bldg., Saginaw, Mich. 
Kerr, Cuas. Henry, Cr.E., 

Creighton, Pa. 


Kink Oe le 
New Castle, Pa. 


KIRKPATRICK, F. A., 
504 S. Goodwin St., Urbana, Ill. 
Kocu, CHARLES FREDERICK 
Cincinnati, Ohio 
Kocu, JUEtuse.., 
3325 Caroline St., St. Louis, Mo. 
Kocu, Wiiuiam H., 
Wheeling Ave., Zanesville, Ohio 
KOHLER, WALTER J., 
Sheboygan, Wis. 


Secretary and General Manager, 
Massillon Stone and Fire Brick 
Company . 

President, Olive Hill Fire Brick 
Company 

Student, Ceramic Department, Ohio 
State University 


General Superintendent, Deckman- 
Duty Brick Company 

Vice-President, Huott Publishing 
Company 

Instructor, Ceramic Department, 
University of Illinois 

Secretary, Potters Supply Company 


Ceramist, American Enameled Brick 
Company 

Assistant Superintendent, Norton 
Company 

Ceramic Engineer, Locke Insulator 
Manufacturing Company 


Northwestern Terra Cotta Company 


Vice-President, Manufacturers’ 
Equipment Company 

General Superintendent, Bessemer 
Limestone Company 

American Sewer Pipe Company 


Secretary and Assistant Manager, 
Liske Manufacturing Company, 
Limited 

Carnegie Brick and Pottery Com- 
pany 


Research Ceramic Chemist, Pitts- 
burgh Plate Glass Company 


President and General Manager, 
Universal Sanitary Manufactur- 
ing Company 

Student, Ceramic Department, Uni- 
versity of Illinois 

National Sales Company 


Superintendent, Art Pottery 


President, J. M. Kohler and Sons 
Company 
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Krick, Grorce M., 
Decatur, Ind. 


Krisec, WILUIAM G., 


1120 Chamber of Commerce, Chicago, Ill. 


LAMBIn, JAMES M., B.S., 
Washington, Pa. 


LanpiERS, WILLIAM FRANKLIN, 
Indianapolis, Ind. 
La SHEL, Lewis L., Pu.B., B.S., 
West Salem, Ohio 
Lawsue, C. PERRIN, 
Trenton, N. J. 
LayMAN, F. E., E.M. (in Cer.), 
The Aberdeen, Milwaukee, Wis. 
Le Paas, Just, 
Willamina, Oregon 
LINDLEY, JACOB, 
Tiltonville, Ohio 
Linpsay, Rosert T., 
Denver, Colo. 
Lioyp, Harry, 
New Salisbury, Ohio 
Locks, FREDERICK M., 
Victor, N. Y. 
Locks, Morton F., 
North Leroy, N. Y. 
LONGENECKER, H. L., Cr.E., 
Chicago, Ill. 
Loomis, GEORGE ALLEN, Cr.E., 
420 N. Ninth St., Ft. Dodge, Iowa 
LoutTHaAN, Wo. B., 
East Liverpool, Ohio 
Lowry, W. H., 
Derry, Pa. 
SUCKS IFO S., 
215 Seventh St., Elmhurst, 


Long Island, N. Y. 


McBrAN, ATHOLL, 


311 Crocker Bldg., San Francisco, Calif. 


McCuave, J. M., 
Akron, Ohio 


McDovuGcau, Taine G., Cr.E., 
New Castle, Pa. 


McEuroy, Roy Harpen, Cr.E., 
1930 N. Main St., Dayton, Ohio 


MackeEnzizn, WILLIAM G., 
Wilmington, Del. 


MacMicHakt, R. F., 
Auburn, Washington 


General Manager, Krick, Tyndall 
and Company 

President, Midland Terra Cotta 
Company 

Vice-President and Assistant Gen- 
eral Manager, Findlay Clay Pot 
Company 

Superintendent, 
Tile Works 


Chemist, Day, Ward and Company 


U. SS. Encaustic 


General Manager, Trent Tile Com- 
pany 

Chemist, Cuttler-Hammer Com- 
pany 

Head Burner, Pacific Face Brick 
Company 

Riverside Potteries Company 


Superintendent, Denver Pressed 
Brick Company 


Superintendent, Colonial Clay and 
Coal Company 


Manufacturer of Porcelain Insula- 
tors 


Green Engineering Company 


The Vincent Clay Products Com- 
pany 
Manager, Louthan Supply Company 


Superintendent, Pittsburgh High 
Voltage Insulator Company 

Vice-President, New York Archi- 
tectural Terra Cotta Company 


Secretary, Gladding, McBean and 
Company 

District Superintendent, American 
Sewer Pipe Company 

Universal Sanitary Manufacturing 
Company 

Ceramic Engineer, C. W. Raymond 
Company 

Manager, Golding Sons Company, 
Wilmington, Delaware Depart- 
ment — 


Assistant. Manager, Northern Clay 
Company 
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MacMicHakEL, PAu S., 
Auburn, Washington 

McNavueutTon, Matcou, M.E., 
Jersey City, N. J. 

Mappock, A. M., JR., 
Trenton, oNe J. 

Mappock, Henry E.., 
Trenton, N. J. 

Mappock, JOHN, 
Trenton, N.J. 

MauuRIN, FRANK R., Cr.E., 
467 King Ave., Columbus, Ohio 

Mat, ArtTHurR, T., Cr.E., 
18 Orme St., Worcester, Mass. 


Mauscu, WERNER, 
100 Williams St., New York, N. Y. 


MautTsy, ALFRED, 
Corning, N. Y. 
MANDLE, I., 
Wright Bldg., St. Louis, Mo. 
MANDLE, SYDNEY, 
Wright Bldg., St. Louis, Mo. 
Manpter, Cuas. J., B.L., LL.B., 
2104 Franklin Ave., Toledo, Ohio 
Manor, JNo. M., 
East Liverpool, Ohio 
Mason, FortTuNnatus Q., 
East Liverpool, Ohio 
Mayer, WALTER STANLEY, B.S., 
1520 Third Ave., New Brighton, Pa. 
Mayor, RoBErRtT, 
Trenton, N. J. 
Meap, G. A., B.S. (in E.E.), 
Barberton, Ohio 
MBAKIN, ROBERT J., 
East Liverpool, Ohio 
MeEtuor, F. G., 
Ford City, Pa. 
METZNER, OTTO, 
Cincinnati, Ohio 
MIDDLETOWN, JEFFERSON, 
3412 Thirteenth St., Washington, D.C. 
MiuLEeR, Donap M., 
633 Monmouth St., Trenton, N. J. 
MILLIGAN, FRANK W., 
East Liverpool, Ohio 
Mitts, JamMss W., B.S., 
2201 C St., Granite City, Ill. 
MINNEMAN, JOHANNES, CRr.E., 
Barberton, Ohio 





President, Northern Clay Company 


Superintendent, Joseph Dixon Cru- 
cible Company 


Vice-President, Thomas Maddock’s 
Sons Company 


With John Maddock Sons Company 
John Maddock and Sons 

Salesman, Arnold-Creager Company 
Ceramic Engineer, Norton Company 


Manager, Ceramic Department, The 
Roessler and Hasslacher Chemical 
Company 

Superintendent, Corning Brick, 
Terra Cotta and Tile Company 

Secretary and Treasurer, Mandle- 
Sant Clay Company 

Assistant Treasurer, The Mandle- 
Sant Clay Company 

President, Allen Filter Company 


Manager, The Golding Sons Com- 

' pany , 

Mason Color and Chemical Com- 
pany 

Assistant to Manager, Mayer China 
Company 

Foreman, Monument Pottery Com- 
pany 

Manager, Ohio Insulator Company 


Manager, Hall China Company 


Vice-President, Pennsylvania China 
Company 

Superintendent, of Manufacture, 
Rookwood Pottery Company 

Statistician, U. S. Geological Sur- 
vey 

Secretary, Crossley Machine Com- 
pany 

General Manager, Electric Porcelain 
Company 

Chief Chemist, National Enameling 
and Stamping Company 

Chief Engineer, Ohio Insulator Com- 
pany 
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MontTGoMERY, Ropert J., Cr.E., 
Creighton, Pa. 


Moors, HERBERT W., 
Tottenville, S.I., N. Y. 


MoorsHEAD, THOMAS COURTNEY, 
Alton, Ill. 

Morris, Grorce D., Cr.E., 
Grand Ledge, Mich. 

Mosss, JAMES, 
Trenton, N. J. ‘ 

MounsuHaw, LAMBERT M., 
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RULES OF THE SOCIETY 


(Revised 1911) 


I 
OBJECTS 


The objects of the American Ceramic Society are to promote the arts and 
sciences connected with ceramics by means of meetings for the reading and 
discussion of professional papers, the publication of professional literature, 
and for social intercourse. 


I 
MEMBERSHIP 


The Society shall consist of Honorary Members, Active Members, Asso- 
ciate Members and Contributing Members. 

Honorary members must be persons of acknowledged professional emi- 
nence, whom the Society wishes to honor in recognition of their achieve- 
ments in ceramic science or art. Their number shall at no time exceed two 
percent of the combined active and associate membership. 

_ Active members must be persons competent to fill responsible positions 
in ceramics. Only Associate Members shall be eligible to election as Active 
Members, and such election shall occur only in recognition of attainments 
in the field of ceramics, and interest in the Society, as evidenced by papers 
or discussions contributed to its meetings. 

Associate Members must be persons interested in ceramics or allied arts. 

Contributing Members must be persons, firms, or corporations who, be- 
ing interested in the Society, make such financial contributions for its sup- 
port as are prescribed in Section 3. 

Honorary Members shall be nominated for election by at least five active 
members, and approved by the Board of Trustees. Their nomination shall 
be placed before the Society at an annual meeting, and to be elected they 
must receive the affirmative vote of at least 90 percent of those voting, by 
letter ballot, at the next succeeding annual meeting. 

To be promoted to active membership, Associate Members must be nomi- 
nated in writing by an Active Member, and must be seconded by not less 
than two other Active Members, and must be approved by the Board of 
Trustees. Their nomination shall be accompanied by a statement of their 
professional qualifications and a list of their publications, if any. Their 
nominations, when approved by the Board of Trustees, shall be placed before 
the Society at an annual meeting, and to be elected they must receive the 
affirmative vote of not less than 75 percent of those voting, by letter ballot, 
at the next succeeding annual meeting. 

A eandidate for Associate Membership must make application upon a 
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form, prepared by the Board of Trustees, which shall contain a written 
statement of the age and professional experience of the candidate, and a 
pledge to conform to the laws, rules and requirements of the Society. Such 
applications must be endorsed by two Active Members of the Society as 
sponsors, and must be approved by the Board of Trustees. The Board may 
act by letter ballot upon such application at any time, after which an ap- 
proved candidate may be enrolled on the proper list of the Society upon 
payment of the fees and dues prescribed in Section 38. 

Contributing Members shall be nominted by an Active Member, and ap- 
proved by the Board of Trustees, and may be enrolled on the proper list of 
the Society at any time upon payment of the dues prescribed in Section 3. 

All Honorary Members, Active Members, Associate Members, and Con- 
tributing Members shall be equally entitled to the privileges of membership, 
except that only Active Members shall be entitled to vote and hold office. 
The roster of each grade of membership shall be printed separately, in at 
least one publication issued by the Society annually. Any person may be 
expelled from any grade of the membership of the Society if charges signed 
by five or more active members are filed against him, and a majority of the 
Board of Trustees examines into said charges and sustains them. Such 
person, however, shall first be notified of the charges against him, and be 
given a reasonable time to appear before the Board of Trustees, or present 
a written defense, before final action is taken by the Board of Trustees. 


Til 
DUES 


Honorary Members shall be exempt from all fees or dues. 

The initiation fee of Active Members shall be ten dollars, and if not paid 
within three months after the date of their election, the latter shall be null 
and void. The annual dues for Active Members shall be fixed by the Board 
of Trustees, and shall not exceed ten dollars. | . 

The initiation fee of Associate Members shall be five dollars, and their 
annual dues shall be fixed by the Board of Trustees, but shall not exceed five 
dollars. The privileges of Associate Membership after election shall begin 
upon payment of the initiation fees, and dues for the first year. 

Contributing Members shall pay no initiation fee into the Society. Their 
annual dues shall be fixed by the Board of Trustees, but shall not exceed 
twenty-five dollars. The privileges of membership shall begin upon pay- 
ment of the annual dues. . 

Any Active Member or Associate Member in arrears for over one year 
may be suspended from membership by the Board of Trustees, until such 
arrears are paid, and in event of continued dereliction, may be dropped from 
the rolls. Active Members in arrears are not eligible to vote. The annual 
dues of Active and Associate Members are payable within three months suc- 
ceeding date of annual meeting. 
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IV 


OFFICERS 


The affairs of the Society shall be managed by a Board of Trustees, con- 
sisting of a President, Vice-President, Secretary, Treasurer and three 
Trustees, who shall be elected from the Active Members at the annual meet- 
ing, and hold office until their successors are elected and installed. 

The President, Vice-President, Secretary and Treasurer shall be elected 
for one year, and the Trustees for three years; and no President, Vice-Presi- 
‘dent, or Trustee shall be eligible for immediate re-election to the same office. 

The duties of all officers shall be such as usually pertain to their offices, 
or may be delegated to them by the Board of Trustees or the Society; and 
the Board of Trustees may, at its discretion, require bonds to be furnished 
by the Treasurer. 

Vacancies in any office shall be filled by appointment by the Board of 
Trustees, but the new incumbent shall not thereby be rendered ineligible to 
re-election at the next annual meeting to the same office. On the failure 
of any officer to execute his duties within a reasonable time, the Board of 
Trustees, after duly warning such officer, may declare the office vacant, and 

“appoint a new incumbent. : 

A majority of the Board of Trustees shall constitute a quorum, but the 
Board of Trustees shall be permitted to carry on such business as it may 
desire by letter. 


V 


ELECTIONS 


At the annual meeting, a Nominating Committee of five Active Mem- 
bers, not officers of the Society, shall be appointed, and this committee shall 
send the names of the nominees to the Secretary at least sixty days before 
the annual meeting who shall immediately forward the same to the Active 
Members. Any other five Active Members may act as a self-constituted 
Nominating Committee, and also present the names of any nominees to the 
Secretary, provided it is done at least thirty days before the annual meeting. 
The names of all nominees, provided their assent has been obtained, shall be 
placed on the ballot without distinction as to nomination by the regular or 
self-constituted Nominating Committee, and shall be mailed to every mem- 
ber, not in arrears, at least twenty days before the annual meeting. The 
ballot shall be enclosed in an inner blank envelope, and the outer envelope 
shall be endorsed by the voter, and mailed to the Secretary. The blank 
envelopes shall be opened by three scrutineers appointed by the President, 
who will report the result of the election at the last session of the annual 
meeting. A plurality of votes cast shall elect. 
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VI 
MEETINGS 


The annual meeting shall take place on the first Monday in February, 
or as soon thereafter as can be conveniently arranged, at such place as the 
Board of Trustees may decide, at which time a report shall be made by the 
Board of Trustees, Treasurer and scrutineers of election, and the accounts 
of the Treasurer shall be audited by a committee of three, appointed by the 
President. Ten Active Members shall constitute a quorum at any regular 
meeting, and a majority shall rule unless otherwise specified. 

The order of business at the annual meeting shall be: 

. President’s address. 

. Reading of minutes of last meeting. 

. Reports of the Board of Trustees and Treasurer. 

. Appointment of committees. 

Old business. 

New business. 

. Reading of papers. 

. Announcement of election of officers, Honorary and Active Mem- 
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bers. 
9. Installation of officers and new members. 

10. Adjournment. 

Other meetings may be held at such time and places during the year as 
the Board of Trustees may decide, but at least twenty days’ notice shall be 
given of any meeting. 

The President shall appoint at the annual meeting a committee of five, 
to be known as the Summer Meeting Comm ttee, whose duty it shall be to 
arrange for a summer excursion meeting at some suitable point. The ex- 
penses of the Summer Meeting Committee in arranging the program of visits, 
and for printing, rooms and facilities for meetings shall be borne by the 
Society. 


Vil 
PUBLICATIONS 


The Board of Trustees shall employ, at suitable compensation, an Active 
Member of the Society as Editor of its publications. The Editor, together 
with the Secretary and Treasurer, shall constitute a Publication Committee. 
The Publication Committee shall provide for the publication of an annual 
volume entitled ‘“‘Transactions of the American Ceramic Society.’’ This 
volume shall contain a list of the officers, a list of members of the Society, 
classified into grades, a list of the ex-Presidents, the dates and location of 
meetings, the annual report of the Board of Trustees and Treasurer, the 
list of prices of the publications of the Society, the rules of the Society, and 
any other matter pertaining to the business administration of the Society 
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that the Publication Committee may think proper. It shall also contain 
such of the papers and discussions thereon as the Publication Committee 
may consider desirable, and each volume shall contain a list of the papers 
and discussions and an index. The volume shall be six inches wide by nine 
inches long, and part of the issue shall be bound in paper covers and part in 
cloth binding. The quality of the paper, the kind of type, the illustrations, 
and all other mechanical details of the printing and publishing of the books 
or reprints shall be in the hands of the Publication Committee, subject to 
the control of the Board of Trustees. 

The acts and policies of the Publication Committee shall at all times be 
subject to the examination and approval of the Board of Trustees, but the 
Board shall be bound by contracts entered into by the Publication Com- 
mittee in the name of the Society. The Publication Committee shall have 
full power and authority to decide what papers and discussions to publish, 
which discussions shall be germane to the subject matter, and in what order 
they shall be published, and in what manner and to what extent they shall be 
illustrated. In event that the Board of Trustees shall undertake the pub- 
lication of some other matter or book than the Transactions, the Publica- 
tion Committee shall act in the same capacity for that publication as in the 
publication of the annual volume of the Transactions. 

_One copy of the paper-bound edition of the Transactions shall be sent 
prepaid to each member of the Society not in arrears. Members desiring 
cloth-bound copies will be furnished them in place of the paper-bound copy 
at an increased cost for the binding. No member shall be furnished more 
than one copy of the Transactions free for any single year. Members cannot 
purchase extra copies of the Transactions at less than the current com- 
mercial rates. A member shall be permitted to purchase one complete file 
of the publications of the Society at less than the current commercial rate, 
the amount to be fixed by the Publication Committee and called the Mem- 
ber’s rate. 

The Secretary shall have the custody of all publications of the Society, 
shall keep them safely stored and insured, and shall sell these volumes to 
the public at prices which shall be fixed by the Publication Committee for 
each new volume as issued. The Publication Committee shall also, from 
time to time, fix the price of the old volumes remaining unsold, and shall 
have authority to refuse to sell the old volumes of the Transactions except in 
sets, at such time as the quantity remaining of any number becomes so 
small, as in their judgement to warrant such action. 

The Editor shall request the author of each article appearing in the 
Transactions of the Society to fill out and sign, within a definite time limit, 
a blank form, specifying the number of reprints of said article, if any, which 
he desires. This form shall contain a table from which can be computed 
the approximate cost at which any reprints will be furnished. In event 
that the expense of furnishing the desired number of reprints is large, the 
Publication Committee may require the author to pay in advance for part 
or all of the cost involved before the publication of the reprints is begun. 
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On receipt of such signed order within the time limit set, the Editor shall 
cause to have printed the desired number of copies. If the author makes no 
reply, or replies after the time limit has expired, then the Society will not be 
responsible for the publication of any reprints of the article in question, 
except at the usual market price for the printing of new matter. 

No one shall have the right to demand the publication of an article 
independent of the discussion which accompanied it, and no one having 
taken part in a discussion upon an article shall be entitled to order reprints 
of the discussion separately and apart from the article itself. 

The Society is not, as a body, responsible for the statements of facts or 
opinions expressed by individuals in its publications. 


Vill 


PARLIAMENTARY STANDARD 


Roberts ‘‘Rules of Order’’ shall be the parliamentary standard on all 
points not covered by these rules. 


IX 
AMENDMENTS 


To amend these rules, the amendment must be presented, in writing, at 
the annual meeting of the Society, and must be printed on the ballot for 
officers and sent out not less than twenty days in advance of the next annual 
meeting, and if the said letter ballot shows an affirmative vote of not less 
than two-thirds of the total vote cast, then the same shall be declared carried. 


PUBLICATIONS 


The following is a list of the volumes published by the Society and the 
prices at which they are for sale to the general public: ' 


Description of volume. Bound in Bound in 


‘paper. cloth. 
WV Ole’: if SOO rae 1 LO WAP Cs oe hos shes as books $4.00 $4.75 
aS Se BE BOO at 2. ALCON Prete s oie ees oes: 4.00 4.75 
Womel bier (O01 S238 pabes eit. oe ioe 4.00 4.75 
Vol. IV. HOU ee S00 Page smee een... 4.00 4.75 
Vol, V. San 2 4200 DAES ity a Ne, lel fo 2 ene, 5.00 575 
Vor Avil: PE ee tee Oat aCe tye ye clsts ke 2 4.00 4.75 
TV OleViie eo MO0D 4504 NAges cree. hese sis ye 4.00 4.75 
Clee Pb tO0G 0. = 41 le pages wer. oy ise we or. « 4.00 4.75 
OP ee eer | O07 PROS SIA RES coo ole Me aR 5.00 iRYas 
Vol. X. OOS MM NARS Lo Lo aiuto wat 5.00 Dalo 
iO ee ee ee 1 O09 Ve OovaD ages ae, bes se Seas 5.50 6.25 
Ol Gripe LOL SROCpates. wa. he 5.50 6.25 
ReOe re UL ee POU) mh 837 PAGES: i) neck ces sae’ 4 5.50 6.25 
Omer wi LOle ya S88 pa ves’. c al ies tea: ny 5.00 6.25 
Wolo V2 > 7 L913; Mie DAREN, meas teh ee BEOO 6.25 
COMPICLC OCty tee Soe ee Se see So, 70.50 81.75 


The Board of Trustees established in the beginning a differential between 
members of the Society and others, in the matter of prices to be paid for 
copies of the Proceedings. This differential has been changed from time to 
time as volumes have grown scarcer and sales increased. The present 
arrangement, which will stand until March 1, 1913, allows astraight discount 
of 40 percent to members in good standing. Members in arrears are not 
furnished copies of the volume for the current year, nor allowed the discount 
for the older publications. Members are also not permitted to purchase 
more than one full set of the publications at members’ rates. The care and 
sale of the Publications has been transferred to the Publication Committee, 
which reserves the right to change the discount from time to time on any one 
volume or on all, as may be necessary. 

The number of copies of the earlier volumes is not large, and members 
are advised to procure full sets as soon as possible. The prices will never be 
less and will certainly rise as time goes on. ; 

In addition to the above volumes of the Transactions, the Society has 
also published the following books, which will be sold net at the prices listed © 
to the public and members alike: 
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The Collected Writings of Dr. Hermann August Seger, Volume 
I. Contains (a) Treatises of a General Scientific Nature. (6) 
Essays Relating to Br'ck and Terra Cotta, Earthenware and 
Stoneware, and Refractory Wares. Pages, 552. Bound in 
cloth. so) sts Sa ee Re te ee ee ee $7 .50 
The Collected Writings of Dr. Hermann August Seger, Volume 
II. (6) Essays on White Ware and Porcelain. (c) Travels, 
Letters and Polemics. (d) Uncompleted Works and Extracts 
from the Archives of the Royal Porcelain Factory. Pages, 
605.; ‘Bound aniclothi. 2. ek eee ee oe ae ee 7.50 
A Biblography of Clays and the Ceramic Arts, by Dr. JohnC. = 
Branner, 1906, 451 pages. Bound in cloth. Contains 6027 
titles of works on Ceramic subjects...... oral sigh. Sich EE 2.00 
The above publications will bé shipped at the consignee’s expense, by 
express, to any address on receipt of the price. All checks or money orders 
should be made payable to the American Ceramic Society, and not to the 
Secretary or the Treasurer. 
EDWARD ORTON, JR., 
Columbus, Ohio. Secretary. 


ANNUAL REPORT OF THE BOARD OF TRUSTEES 


WasuHineton, D. C., February 25, 1913. 


To the Members of the American Ceramic Society: 


The Board of Trustees report herewith the results of this year’s work, 
the fourteenth of the Society’s existence. It has been in all respects a year 
of growth and activity and its record constitutes an added claim to the good 
will and support of the ceramic industries and the respect and fellowship 
of the scientific world. 


VOLUME FOURTEEN 


The removal of Mr. R. C. Purdy from Columbus to Worcester, Mass., 
made it seem inadvisable to the Publication Committee to continue him as 
the Society’s editor. The energy and ability with which he had conducted 
the duties of the position are known to all, and most of all were recognized 
by the committee, who had to take the responsibilityof securing a successor. 
The importance of keeping the editor’s work in close relation to that of the 
Secretary at Columbus, seemed to be great enough to justify the step. 

Professor Homer F. Staley was therefore appointed editor for Volume 
XIV, and the Society is in position to judge how well and acceptably he has 
performed his work in this maiden effort. The Society has not known how- 
ever that he has labored under the severe handicap of having a very incom- 
plete and inaccurate stenographic report—the worst that we have ever re- 

*ceived. Had it not been for notes jotted down in long-hand by the secretaries 
of the two sections, it would have been wholly impossible to reconstruct 
some of the discussions. The credit due to Professor Staley for the excellent 
volume which he has produced is thereby much increased. 

The volume itself is the largest thus far, not only by number of pages, 
but by matter per page. It is full of solid meaty articles, and has brought 
added recognition and prestige to the Society in both domestic and foreign 
scientific circles. 


PUBLICATION POLICY 


The policy always maintained by the Society in regard to printing ar- 
ticles from non-members as well as members, is certainly unusual among 
scientific and technical organizations. The grounds for it have been two- 
fold. 

1. The paucity of able contributors to literature in this field. The num- 
ber of well trained men in the ceramic industries whose positions have been 
such as to leave them free to write of what they knew, has been small and 
still remains so. It has, therefore, been our constant effort to attract and 
bring into touch with us scientists working in all of the adjoining fields, 
such as geology, mineralogy, chemistry, physics, mechanical, mining and 
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chemical engineering, and so forth, whenever we found one of them whose 
interests had perchance strayed over the borders of his own domain and 
into that field which we have preempted and have been working diligently 
to cover. 

2. Our conception of the Society’s duty to the industries which it serves, 
has been that it should get together and put into print as speedily as possible 
the great body of knowledge possessed by those who are actually doing the 
ceramic work of the world, without much regard to the personal questions 
as to who is to receive the credit for it. Our industries are most of them old, 
and most of them have been and still are adminstered upon the mistaken 
policy of secrecy as a necessary condition to success. Very few practical 
ceramic chemists or work managers will tell what they know of their own 
branch of the industry. Some of them, however, have worked in different 
branches of the industry, and can be induced to tell their experience in a 
branch with which they no longer have connections; and thus by getting 
a little from one source at one time and from another source at another time, 
the whole great mass of technical knowledge is slowly but steadily being 
uncovered, assorted and recorded, and a literature worthy of the name is 
being created. This is the real raison d’étre for this Society. 

One cannot contemplate this plan without realizing that our duties are’ 
world duties, and not in any way restricted to the narrow circle of our own 
membership. It is, therefore, now, as in the past, the object of our Society 
to attract to its meetings and to the pages of its volumes, any and all who 
have anything new to say in this field. We want them as members, of course, 
if we can get them, as we need their financial help; but that is after all a 
secondary matter and by no means a ground for failing to secure and use » 
their store of knowledge when it is open to us. 


MEMBERSHIP 


The membership has grown this year, but not so vigorously as before. 
The statistics are as follows: 


Brought forward March 1, 1912: 


Honorary memberei sh asec. se 6 ee fee re 2 
Active members, resident........ Peer ot iene ewe eet 59 
Active. members, foreign)... ae cree eee eee Ge tes tee 4 
Associate: members: iresidente vee tare ar. secre doa idn? 327 
Associate members, foreign: pee, oe ee ee 33 425 


Accessions by election during the fiscal year: 


Active members,‘résidentdsifas 6 Diane eee oe 3 
Active members). foreignics.s.cta.cose era eee ee 1 
Associate - members, resident cha:c. < eis Guaer. bon ee ee 55 


Contributing membersaiin 26.8 eon aa ee pth P63: 
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Losses during the fiscal year: 


TpuceatineassOClate: MeMDELS ir... fe)8sus Pa) os dow vlads eae 3 
By resignation or dropped fron non-payment of dues, 
PRC Lie aie MICISes ., Bek ete thers Ta deh ea Mast aie SuleN oy 2 
FLSSOCIate MeIMDEeLS, FESIGeMinn as ood. 20. gmat owed 18 
PSone la ferue mers @OLClOMNe ack, or ck tes ote [S eSioe ee 5 
By promotion; associate to active,...... 0.0.0... she seen dese 4 . 32 
Status, February 25, 1913: 
LE OTIVANE NTS A005 0 O06 SR Aa pec de AL ee a 2 
Commuting Members... 1 cited ie kd ew ShONS I OIIE Gs, CR Me ae dT 5) 
TOuly erIMCINNCT SA FeESIOCl be Mee fait en hie Ps y's Suaie sites 58 
MOET Ve Mel Were OLClO Nes Green ok ia ne bee oes 7 
AseOciavenmemuers, TESIGEMGAe sy yi ius ote lees. bb ae dale 352 
eeOClaveriMemmbers, LOTCIQIm Ge. 4k. ees fo gla eee 32 456 
imereasestor the year. ..0:.:. seem asa gh Le AG ee at Oe he Re a GE 2 31 
Pee ECON ACC OCT OCASC ah i. so saree ON i a Susi Waa) sia uae # ash awed Cae ww ot vs 


The considerable number of losses during the year is a cause for regret. 
It is not to be expected, however, that as the Society grows older and larger, 
its entire membership can be held as firmly together by the ties of personal 
regard as was the case in its earlier years. There will of course always be 
some whose industrial affiliations change and those who do not longer find 
it profitable to maintain membership. It should be possible by another 
year to bring up our membership to the 500 point without resorting to active 
solicitation, or other undignified means. 


FINANCIAL 


The increase in dues and the opening up of a new source of revenue from 
contributing members has made this year the easiest through which the 
Society has passed since our work assumed anything like its present pro- 
portions. The increased rate for dues has met with no complaint from any 
quarter. The following is an analysis of receipts and disbursements: 


INCOME 
srouentn ponwarg, trom 19LI=1 oie ee ee kai ceva e eweees $97 .82 
Receipts from dues 
63 Active members for 1912 at $7.50........$ 472.50 
332 Associate members for 1912 at $5.00. red LGGOEOO 


4 Contributing members for 1912 at $25... 100.00 
Various fractional payments for 1912 (mostly 
balances due from previous prepayments). 45.95 


@ollection, of dues in arrears: <1. 022 Pos i 28 .00 
Collection of dues in advance (1913) 
INGE INCUAD CES cs toe e ene et es ae aa's es 10.00 
PRSBOCTATE TNCTIDEPS Satoh: x lsccetecs Gin woes 2 cee ATO 
@ouiripu line MeMPErs Wee Lae eke ok. 25 .00 


Banquet 15.00 2398 .02 


Speireseupoiss wl wivel 8) @ ef 6! (o! (vel ele) “pie (@ 14) 0) 9) 6 Sie (6 Sier ee \6\ 6 6: 6 
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Receipts from initiation fees 


4 Active members at $10.00 (1912).......... $40.00 
44 Associate members at $5.00 (1912)........ 220.00 
9 Associates prepaid (1913). (32. .4....2-02) 45.00 
Receipts from sale of publications 
Volumes of the Transactions. :....,.......:.. 757 .68 
Volumes of Branner Bibliography (5)........ 9.24 
Volumes of Segers Collected Writings (12)... 90.00 
Extras from: cloth=bimdings: 3. eee 127 .00 
Receipts, from sale-of reprimts:--2 ee ee 208.81 
Receipts miscellaneous, 4/2 04 en eee 4.81 
DISBURSEMENTS 
Publication of Volume XIV 
Stenographic’ Report. 65. oe ee ee 60.00 
Drawings, illustrations and engravings...... 512533 
Printing, Binding -and*Gasingy7 =a 1521.36 
Bditing AChismos.)i we ceg ee knee een 
Paid for Seger’s Collected Writings.............. 74.54 
Author's reprints,-).0 esa. ee eee 226.16 
Paid for Administration 
Salary of Assistant Secretary (1I mos.)...... 275.00 
Postage, stationery and supplies............ 185.08 
Tnsurances,.oe isu: sete RNa eee oe 10.00 
Telegraph; ‘Telephones. 3:39 eee ee 3.32 
Transportation of Transactions (express, 
frereht; mail ins. ae eet eee 234.21 
Binding early volumes for sale.............. 39.00 
Convention expenses. ese eee 49.08 
Loss on “badschecks sae tein. re eee 12.50 


Balance in: bank¢; aed. Beet eee ree 


ASSETS 
Cash in: Barks s6) 508 Soe ee eee Se eo eae ee 
Accounts Payable 
Dues and fees, due but not collected........ $ 252.50 
Publications sold and not yet paid for....... 127.35 


Reprints sold and not yet paid for.......... 16.64 


$305.00 


983 . 92 


208 .81 
4.81 


$3998 . 44 


$2643 . 69 


300.70 


804.19 


3748 .58 
249.86 


$3998 . 44 


$249.86 


396.49 
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Books on hand 


1952 Volumes of Transactions at $3.70.......$7222.40 
Inventory of stock, stationey, fixtures, etc., est.. 100.00 $7322.40 
Moa eae ce CS wet rors tenet nee ie a LOT ON ks eas $7968 .75 
LIABILITIES 


None other than ordinary current accounts. 


This statement shows that the Society is in a good sound condition 
though still working on a very conservative scale of expenditure. The new 
plan of asking that all dues be paid promptly within the first three months 
of the fiscal year, met with a fairly general obsevance, and made the work 
of collection easier than ever before. There was still, however, a consider- 
able number who did not pay promptly and some who have not paid at all, 
and this has, of course, resulted in dropping a considerable number from the 
rolls. as 

For the current year, the plan of collecting dues from all who attended 
the meeting is being tried, and an additional effort to get the annual dues 
in promptly will be made. 


SALES OF PUBLICATIONS 


' The inventory of our stock of volumes shows as follows: 
































NUMBER | IN STOCK 
NUMBER OF THE VOLUME eae, eee Doane e pilornont STE EES 
FEBRUARY SALE WISE BOOK 
1912 COUNT 

ME 178 11 167 
it oe ion eee ee ate 151 14 137 
HRT Tipe ae aati F oe! 9 176 Pi 165 
TA eee Re oer ce a ae 148 9 139 
Epa ack Sle ae Mh es 116 9 107 
AVE ig Caen Ree ney 144 8 136 
WM et neni ela oat 145 8 1Dr.B| 136 
CANOE” & Bee a ee te 136 6 130 
TC cen ee a 100 8 92 
Se cc ee ee ee 128 6 fOr Bib 12) 
DSW te rte gs Many 149 7 142 
SC UE Sp ae eee eveakss pode Dr Bigs 
BOC fe ee ons Gas owe 244 bite ol 223 
Be cto Sa | 704 549 | 22 133 
Branner Bibliography..... Sloan | D 6 eesuy: 

Polder paren ae 2763) Po 704") 682 | 31 2754 
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The stock of volumes remains approximately constant, the shrinkage by 
sales of the old volumes being just about covered by the excess supply of 
the new volume. A glance over the last column shows that there are now 
left less than 100 sets, and only about 125 nearly complete sets could be fur- 
nished. Members who have not yet procured a complete file are advised to 
do so while there is yet time. 


INTERNATIONAL AFFILIATIONS 


According to the plans proposed at the thirteenth meeting, the Summer 
meeting was arranged so as to be coincident with the trip of the members 
of the Deutcher Verein fiir Ton-, Zement- und Kalk-Industrie who were in 
America for the meetings of the Eighth International Congress of Applied 
Chemistry. Circular No. 6 (Series 14), issued August 19, 1912, announced 
this plan to the membership and their response was quite satisfactory. 

The American Ceramic Society members to the number of about 30 met 
the German Society members to the number of about 18 at their hotel in 
Pittsburgh, on Saturday evening September 14, and escorted them to the 
Fort Pitt Hotel and enjoyed a delightful banquet together. Speeches were 
made in both languages expressing the need of a closer bond of acquaint- 
ance and co-operation. 

This function was the only one in which the two Societies met with any 
formality, but members of the American Ceramic Society met and escorted 
the visitors at Pittsburgh, East Liverpool, Zanesville, Columbus and Chi- 
cago. The German delegates have expressed on frequent occasions and in 
various ways their appreciation of the courtesies extended, and without 
doubt the incident has created a much more cordial relation than has existed 
previously. 

One more or less direct result of this meeting has been a proposal emanat- 
ing from the German Society, that the presiding officers of each society shall 
be elected to membership ex officio in the other. The Board of Trustees 
concurs in the sentiment involved in this plan, and if amethod can be devised 
in harmony with our rules, or that can be legalized by a simple amendment, 
would like to put such an arrangment into effect, not only for the German 
Society, but for the English Ceramic Society as well. The Board would 
appreciate an expression of opinion from the Society upon this topic. 


SUMMER MEETING 


The Summer Meeting last year being merged with the visit of the 
German delegates, did not take the place of, or fulfill the real function 
of this part of our work. It becomes of increased importance, therefore, 
that the present summer shall not pass without an excursion trip being 
energetically organized. 
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CONCLUSION 


The Board desires to express the hope that the coming year will 
prove a more active and vigorous one than the last, and that each mem- 
ber of the Society shall not feel himself absolved of personal obligation 
to do his share to make it so. 

Respectfully submitted, 
THE BOARD OF TRUSTEES, 
By EpwWarp ORTON, JR., 
Z Secretary. 
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PRESIDENTIAL ADDRESS 
RY ARTHUR S. WATTS 


The American Ceramic Society is opening its fifteenth annual 
meeting, and it seems fitting that at least brief mention be made 
of the attainments of the Society. 

At the first regular meeting, held at Columbus, Ohio, in 1898, 
eight papers were presented, and during the year 23 active and 
33 associate members were enrolled, making a total membership 
of 56. Our present meeting opens with 73 active and 398 asso- 
ciate members, making a total membership of 471. Our last vol- 
ume contains 70 papers, and our next bids fair to equal if not 
exceed that number. 

Our literature has become more technical from year to year 
until the question arises whether or not we are slowly altering 
from a society for the discussion of ceramic topics of general in- 
terest to one for the presentation of papers many of which are too 
highly technical to permit of any discussion or of an oral presen- 
tation. . 

A cause for great encouragement, however, is the fact that, as 
our papers have become more highly technical, our membership 
has grown with them; and we have never had the embarrassment 
of our audiences becoming fatigued from the fact that they could 
not understand, in a general way, the data presented. 

One point which I think worthy of mention in connection with 
our more scientific articles is the desirability of drawing at least 
some practical conclusion from the data presented. Few articles 
have appeared in our Transactions which have not a practical 
application, but many of them are not expressed in terms which 
the average clay worker will understand. If the practical appli- 
cation is woven into the article, he will see the importance of 
acquainting himself with data presented, which he might other- 
wise condemn as purely theoretical. 

Probably the great problem that confronts our managing board 
is how we may obtain papers from our practical members. When 
approached on the subject, they reply that they have no time 
to prepare a paper or that in their business they do not work out 
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problems in such form that they are presentable. To these state- 
ments the reply can be made that hardly a subject has been treated _ 
in our Transactions in a complete form. A member presents an 
introductory article and, another year, comes forward with some 
additional data along the same line. The fact that the subject 
cannot be treated exhaustively need not prevent the contribution 
of such data as is available. The discussions arising from the 
presentation of very short papers have often proven of more value 
than some of our most elaborate contributions. 

It hardly seems advisable at this time to go into the discussion 
of the aim or object of our Society, and data regarding its growth 
is presented annually in reports by the Secretary and Treasurer. 
With your permission, therefore, I shall offer you as a substitute 
for a presidential address a paper which is practically a contin- — 
uation of an article that I contributed last year.? 

Before presenting this paper, however, I wish to thank the mem- 
bers of this Society for the great honor which you have conferred 
upon me in permitting me to serve you as president. The small 
amount of labor which falls to the president has been a real pleas- 
ure; and when, at the close of these meetings, I become once 
more one of the rank and file, I know that the hearty co-operation 
accorded me will be given in equal measure to my successor. 





1 The paper referred to is ‘‘Feldspars and a Deformation Study of Some 
Feldspar and Feldspar-Quartz Mixtures’’ shown later in this volume.— 
EDITOR. 


THE GEOPHYSICAL LABORATORY 
BY yDE AS Le DAY 


INFORMAL ADDRESS DELIVERED AT THE OPENING SESSION 


Mr. President and Gentlemen of the Society: I am not quite 
sure that we shall find common ground at once, from which to 
discuss the researches which have been undertaken by the Geo- 
physical Laboratory, but it will perhaps serve as well if we can 
come to a clear understanding of the difference between our re- 
spective viewpoints; if we frankly recognize certain boundaries 
which we severally set for ourselves when we undertake any one 
of these silicate problems. I suppose an appreciation of the lim- 
itations of a field of study has as much to do with the successful 
prosecution of research in it as any other one quality which the 
student may possess. 

We start, perhaps, from the same premises. The Geophysical 
Laboratory is trying to apply physics and physical chemistry to 
the silicates, and most of you, I fancy, are undertaking the same 
thing. But the Geophysical Laboratory endeavors, in each re- 
action to reach what we call the condition of equalibrium; that is 
to say, to carry on the reaction to a point where, for a given tem- 
perature and pressure, no further change occurs. Such a state is 
obviously capable of definition; it is a condition to which we can 
return again at any future time; it is a point also where any future 
observer may check the details as well as the published results 
of our research. Now that is a somewhat difficult matter with 
silicates, as most of you know, for the reason that they are so slow 
in their reactions that it is not always possible to reach this stable, 
definable condition within the limited time available for a labora- 
tory experiment. 

I think that in the technical branch of the industry you are 
concerned rather with problems of sintering in the body of your 
material, and in the glazes, you are concerned with preventing 
erystallization—both conditions being almost diametrically op- 
posite to the one toward which we work. We are particularly 
concerned to carry the reaction through to a definite conclusion, 
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capable of definition and future repetition; that is, to a completely 
crystallized system and equilibrium. 

We might go somewhat further into detail. For example, you 
may take two silicates and mix them in any proportion, melt 
them together and allow them to crystallize. Out of that mix- 
ture, there may crystallize either the one component which 
chances to be in excess or both components together in what we 
eall solid solution—which by the way is not a glass but a series 
of mixed crystals. If one component comes out in excess, the 
mixture whfch remains is changed in composition, i.e., it will be 
poorer in that component and gradually approaches what we know 
as an eutectic mixture, which, although not a. compound, is a 
definite mixture with fixed properties, to which we may also return 
for purposes of definition if we will. This series of changes, of 
course, is capable of definition at both ends and at the eutectic 
point and with a characteristic rate of change in the passage from 
one to the other. 

If we had chosen two silicates which do not form an eutectic, 
let us say the lime.and:soda feldspars, and mixed them together 
in any proportion, we should have found two components capable 
of existing together in all proportions, either as glasses or as crystals. 
If you cool a melted mixture of these feldspars, out of it you will 
get not a single component in excess, but always a mixture of 
both components. The mixture may, in general, be stable or 
unstable according to the rate of cooling, but if a feldspar like 
albite or orthoclase is present in large quantity you cannot crys- 
tallize it within the time available for an ordinary laboratory ex-. 
periment. It is then exceedingly difficult to speak of equilibrium 
at all for there is no point in the history of such a molten feldspar 
to which you can return with any certainty of reproducing exactly 
the same condition again. 

So, when I say we differ somewhat in our viewpoints in ap- 
proaching the silicate problem, it means substantially this, that 
we in the Geophysical Laboratory are dealing with the relations 
of crystalline minerals which either are in or can be brought to a 
definite equilibrium. I think this is not true in general in the 
silicate industries. You are dealing with a process in which the 
most important factor is the rate of change and not the end to 
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which the change would proceed if allowed to do so freely. You 
cannot, therefore, apply unlimited temperature; or you would 
melt all your porcelain to glasses. It is specifically necessary to 
- limit both the time and the temperature to which a given compo- 
sition is exposed in order to bring out your product exactly where 
you require it; and the repetition of exactly those constants of 
time and temperature, together with the same initial composition, 
are the only guarantees which you have that the end products 
will be the same. There is nothing in the material itself which 
guarantees the same end product unless you can reach what I 
choose to define a few minutes ago as a condition of equilibrium. 

Now, it is obvious that I cannot speak of methods without speak- 
ing of purposes, because the method will only have value in con- 
nection with the purpose it serves. I have, therefore, given this 
very brief outline of the attitudes of mind with which we have 
approached the silicate question in order to show the purpose of 
the methods we use, and perhaps incidentally to explain that they 
may not serve your purpose equally well. Neither is it possible 
in an address of this kind, to take up in detail all the methods cap- 
able of application in so extended a field. The field is still compar- 
atively undeveloped, and it is still necessary for us to feel our way 
gradually in these new directions, and to devise new methods and 
apparatus as we go along. 

In general, the organization of the Geophysical Laboratory is 
simple. Chemistry must guarantee for us the purity of the mate- 
rials that go into our melting pot. Physics must guarantee to us 
the conditions of pressure and temperature through which these 
materials pass. The product then passes into the hands of the 
mineralogist, who compares the output of our furnaces with cor- 
responding natural minerals for purposes of identification of 
erystal form and habit; or it may pass into the hands of the physi- 
cal chemist, who will endeavor to establish its relation to a gen- 
eral system of solutions. This system of mineral solution is, in 
the last analysis, the science of mineralogy, but only a very small 
portion of it is yet accessible to physical chemical experiment. 

Now, it is not so much a question, in the technical handling of 
these silicates, of getting high temperature, there is no difficulty 
about that, as a rule; we shall always be able to get more temper- 
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ature than we can take care of. Much more important is it to 
measure the temperature exactly in order always to be able to return 
to it, also to define the composition with great exactness, and also 
finally, in the case of slow moving silicates, to be quite sure that 
we have reached this state of equilibrium which is capable of 
exact definition and, therefore, always offers a landmark to which 
we may return with certainty. Our equipment then, includes a 
chemical laboratory—four of them, in fact—a physical laboratory, 
although physics enters into nearly every stage of our processes; 
a physical-chemical laboratory, and finally a mineralogical lab- 
oratory. 

The progress of the work of the Geophysical Laboratory has 
been the development of accurate physico-chemical methods for 
handling silicates, of which, until recently, but few were available 
except such as have been developed in the Geological Survey 
and kindred institutions, for purposes of analysis. The more gen- 
eral methods of treatment of the chemical relations of silicates 
requires to be done ab initio. | 

On the physical side, it was necessary to lay down a definite — 
scale of temperature and to devise appropriate methods for mak- 
ing temperature measurements in these silicate solutions. That 
was a fairly straight-forward matter, and was completed three or 
four years ago. | 

Then the mineralogical methods were found to be wholly inad- 
equate. We have had to devise practically new methods through- 
out for the measurement of crystals and their indentification, and 
this for the reason that the product which comes out of a small 
crucible in an electric furnace is quite different from the great nat- 
ural crystals which adorn your museums. Nature had lots of 
time to wait for big crystals to form, and we have not. Asa rule, 
we must confine ourselves to the time of one working day, or 
perhaps two. On special occasions, for important experimental 
work, we have kept furnaces at a constant temperature, within 
something like three degrees, for as much as thirty days at a 
stretch. Obviously, this kind of thing is experimentally difficult; 
break downs and disappointments frequently occur, and the 
expense is not inconsiderable; but if the need arises, it may be of 
interest to know that it is quite possible to maintain a temperature 
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of 3000°F. constantly for any experimental purpose likely to 
arise. In general, then, we have had to work rapidly or compar- 
atively so, and our products, as a consequence of this, are made up 
of units so small that we could do very little with them by the 
ordinary methods of microscopic analysis. Where we are obliged 
to deal with crystals but two or three hundredths of a millimeter 
in their chief dimensions, obviously it will require a microscope 
to find them, to say nothing of the difficulty of measuring their 
angles and determining their optical properties. Therefore, it has 
been the task of a considerable staff of men in the Geophysical 
Laboratory, covering a period of seven years, to devise appro- 
priate methods by which crystalline products of our furnaces could 
be competently studied when the dimensions of individual crystals 
do not exceed 0.02 or 0.03 of a millimeter in their chief dimensicns. 

This has been done, and now that it is done, the immense im- 
portance of the petrographic microscope in all questions of silicate 
analysis stands out as a most conspicuous result. Where you 
can use the microscope, it is enormously more rapid than any pos- 
sible chemical method. You require to wait for no reactions; you 
do not require even to prepare your material more than to break 
it up into comparatively small fragments and put them under 
the microscope. Then oftentimes a glance or, at most, some very 
rapidly made measurements are quite adequate to determine all 
you need to know about the product. I cannot, therefore, say too 
much of the value of the microscope in all work which involves 
silicates, particularly in view of the fact that I know that the 
microscope is comparatively little used, thus far, in the silicate 
industries. 

I do not know that I need to go into a detailed account of special 
problems which we have taken up. Those of you who are inter- 
ested probably know them already, and those who are not, know 
where to find them in case you should desire to become more 
familiar with the details. 

For the rest, it is perhaps better to say no more than that the 
Laboratory will be open for your inspection on Friday, when- 
ever you find it convenient, and we shall be delighted to answer 
any questions which may arise in connection with your visit. 

I should, perhaps, say a word in advance to avoid what may 
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otherwise prove a disappointment to you. If it is desirable, for 
reasons already intimated, to work under exact conditions of 
temperature and of composition, it is very necessary that the 
quantity of a material be not so large that it will project out of 
the windows of your furnace, so to speak, for the exposed portions 
will be at some other than the measured temperature. As our 
experience has increased, therefore, we have reduced the amount 
of material in a single charge from 100 grams down to 1 gram or 
even a fraction of a gram that you could hold on the end of your 
little finger without trouble. We can almost certainly guarantee 
to put that quantity through a uniform temperature every time. 
When it comes out, therefore, we are never in any doubt about 
the physical conditions which prevailed at the time when we were 
studying it. Our charges are, therefore, small and our furnaces 
are not impressive to look at. 

You will perhaps share the experience of an Englishman who 
visited the Laboratory a year or two ago, who was particularly 
interested in an investigation of Portland cement which we had 
been conducting. I think he came with the idea that if he could 
but get into the Geophysical Laboratory, all the mysteries of cement 
making would promptly be solved. Weshowed him absolutely all 
we had, half a dozen furnaces, some electrical temperature meas- 
uring devices and about five thousand small bottles arranged on 
the wall in the order of the compositions of the cement samples. 
There was nothing more. The materials which we use, being, for 
the most part, prepared in the Laboratory from chemically pure 
materials, are almost invariably clear white without the slightest 
trace of color of any kind; and, therefore, the five thousand bottles, 
which represented our investigation of Portland cement, were as 
nearly identically alike as any series of preparations possibly could 
be. It was a great disappointment. In all such work, the need 
is not to use large quantities, big furnaces, roaring gas blasts, and 
what not, but rather to have all the factors accurately controlled 
- and measured, and your visit to the Laboratory will certainly 
afford you an excellent illustration of this. I shall, therefore, be 
glad to welcome you on Friday at your convenience, and I thank 
you for your attention. (Applause.) 


THE WORK OF THE NATIONAL BUREAU OF STANDARDS 
BY DR. S. W. STRATTON 


INFORMAL ADDRESS DELIVERED AT THE OPENING SESSION 


Gentlemen, I understand that we are to have the pleasure of a 
visit from you at the Bureau of Standards Friday morning, and 
that a number of our specialists are to appear on the program, 
hence it will hardly be necessary for me to take up your time in 
going into the details that you will see at the Bureau, or in ex- 
plaining the technical work along the lines in which you are inter- 
ested, because it will be very much better done by Professor 
Bleininger and others who are on the program. 

I might say very briefly that the work of the Bureau of Standards 
classified as to functions, involves the testing of standards, stand- 
ards of measurement, and the solution of problems that are con- 
nected with standards of measurement; the determination of 
physical constants or standard values which are used in scientific 
work and industries, and the determination of the more specific 
properties of materials which will enable them to be more intelli- 
gently and more economically used. Now this classification has to 
do only with the functions; the organization of the Bureau is on 
an entirely different plan. - 

The first division is devoted to mass, length, capacity and time. 
Of course density and volume would fall in this same line of work. 
Now a standard of length, whether it be the precision standard 
used by the scientific man or the steel tape used by the engineer, 
would go to this division to be compared with the Government 
standards. The determination of the co-efficient of expansion of 
a material would be considered as a length measurement. The 
determination of the density or specific gravity of a substance 
would go to this same division. In other words, the same divi- 
sion handles work along all three of the lines mentioned. The 
organization of the scientific work of the Bureau is along the lines 
of the divisions of physics and chemistry. 

The second division is devoted to electricity; and here again 
’ this involves the handling of electrical standards, which is a very 
difficult problem because there are many of them. ‘These stand- 
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ards must be prepared from definitions and the apparatus must 
be devised with which to compare these standards with the stand- 
ards of manufacturers. A few years ago the American Institute 
of Electrical Engineers asked the Bureau to determine the con- 
ductivity of commercial copper wire. This is used by engineers 
generally in the designing and construction of electrical machinery ; 
this is a very good illustration of a physical constant determined 
by the electrical section. Materials are frequently received for the 
determination of their electrical properties, but by far the larger 
part of the work in this, as well as the other divisions, is in the 
nature of researches undertaken to determine fundamental con- 
stants of measurement or the fundamental properties of materials. 

The third division is devoted to heat and thermometry. A 
large part of the work consists of the standardization of the var- 
ious heat measuring instruments, also heat constants such as 
specific heat, latent heat and melting points. Recently the Amer- 
ican Association of Refrigerating Engineers asked the Bureau to 
determine the heat constants needed by that industry. Congress 
has made a special appropriation for this and the work is well 
under way. It is exceedingly difficult work, as all heat measure- 
ments are; it is a good illustration of the relation of the work of 
the Bureau to that particular industry. 

The fourth division is devoted to problems in optics. One 
would scarcely realize the important application of optics in the 
industries. In spectroscopy we are continually called upon to 
examine materials and to determine their nature by means of the 
spectroscope. One problem that frequently comes up is the de- 
termination and study of the absorbing power of different media. 
For example, the glasses used by operators of search lights—it 
is necessary that they absorb the violet and ultra-violet rays. 
The Bureau has had a great number of signal glasses to examine. 
Standards of color and the instrument for measuring color are 
greatly needed. The question of color determination has arisen 
and has come from a great many industries, including those in 
which you are interested. The measure of color in pottery and 
porcelains, in butter, paper, textiles and tobacco—there is an exceed- 
ingly great demand for a reliable method of measuring color and 
the Bureau is endeavoring to solve that. problem. 

The fifth division is devoted to chemistry. One reason why 
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foreign bureaus of this kind have failed to go quite as far as they 
_ should is that they have not properly related chemistry with the 
physics of these problems. We find that in every section and 
almost every problem taken up we must call upon chemists. We 
have a very excellent chemical division under Dr. Hillebrand and 
the other sections, technical as well as scientific, all lean upon him 
and his corps of chemists. } 

The sixth division is devoted to engineering investigations and 
the testing of engineering instruments. The seventh division is 
devoted to the determination and study of the properties of mate- 
rials. In that division we have the sections devoted, first, to 
metals and their alloys; second, to cement, stones and so on; third, 
ceramics; fourth, miscellaneous materials, such as textiles, paper, 
rubber, ete. 

I do not wish to take up too much of your time, but outside 
of the regular standardization of both quantity and quality, in 
which you are very well posted, there is another phase of the Bu- 
reau’s work which is very gratifying; that is the cordial relation 
that has sprung up between the industries and the Bureau. Some 
of our industries are very progressive and are very apt in the 
application of science; others are not so well along. I have been 
astonished to find how backward some of the industries are in 
the application of scientific methods. Scarcely a day passes that 
we do not have several visitors from the various industries, all 
asking some important question about measurements or about 
the means of investigation. The outcome of this is that the in- 
dustries are learning very rapidly, even those that are more back- 
ward than the others are learning the value of investigation. We 
try to set an example in this respect, and it would surprise you to 
know of the number of industries which have established research 
_ laboratories recently, and the great demand there is for men com- 
petent to carry on these investigations—not engineers, but physi- 
cists and chemists, especially physicists. The Bureau has lost 
several of its men in the past year, who left to go into manufac- 
turing establishments. It is almost impossible to keep men, 
owing to the great and rapidly increasing demand for men who can 
perform research work in connection with the industries. I thank 
you very much for your attention and hope to see you at the 
Bureau Friday morning. (Applause.) 


PROBLEMS IN SILICATE CHEMISTRY 
BY DR. F. W. CLARKE 


INFORMAL ADDRESS DELIVERED AT THE OPENING SESSION 


Mr. President and Gentlemen, I am afraid that I am here 
under some misapprehension. Iam expected to tell things which 
I do not know, and I have a large and varied assortment of that 
kind of information, which would take much more time to relieve 
myself of than I am at liberty to spend. It occurred to me, in 
thinking over the topic assigned by Professor Orton, that I could 
best say a little about the work going on here in certain lines that 
I know about in Washington, and its purport and significance, 
because I cannot tell you specifically very much about the clays, 
although, in a purely mineralogical sense I know something about 
their nature and composition. Ido not know, however, how they 
individually act in certain industries, and I am a little skeptical 
about the help chemistry can give in that direction. In the Geo- 
logical Survey, we have occasion to make a number of clay analyses 
but not a great many of them, and I am inclined to think that 
their utility is greatly over-rated. You may find two of the same 
chemical composition and one will do well and the other will not 
do so well. People may put clay in the kiln and see how it burns, 
then analysis may tell them why, but I am very skeptical as to 
the real value of the enormous number of clay analyses that are 
published in the various reports. I may be wrong, but that is 
the impression I have gathered. 

There are three institutions in Washington which have mania g 
to do with these questions of the nature of minerals and the’way in 
which they break down into clays. There is the Geological Sur- 
vey, which approaches the subject from two points of view, the 
purely economical, as represented by our division of mineral re- 
sources, and the purely chemical, as represented by such work as 
can be done in the laboratory in my charge. There is the Bureau 
of Mines, which also touches the subject from another point of 
view, and the Geophysical Laboratory of the Carnegie Institution. 
The work in which I am particularly interested is entirely non- 
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technical; it is in the interest of pure science; and, as I have said 
many times before in gatherings of this general character, espe- 
cially where men whose interest is from an entirely practical point 
of view are present, you cannot have any applied science unless 
you have the science to apply. So some of us must devote our- 
selves to the purely scientific side and others to the application of 
the knowledge which can be so obtained. There are no hard and 
fast lines between the two. Many and many a technical man is 
working in a purely scientific manner, but the division is one 
_which expresses a definite idea and so far it may hold. 

Now, looking at the thing from the purely scientific point of 
view, we find that every mineral has what you might call a life 
history. You take a feldspar. It is born from a fiery magma, 
and they are making them in the Geophysical Laboratory to-day. 
It is a beautiful crystalline mineral. That mineral is acted on by 
air and water-and gradually decays, so that you have ultimately 
the death of that particular mineral in the form of a clay which is 
buried in the earth, and has a resurrection in the form of brick, 
or may even be glorified in the form of porcelain. This life his- 
tory interests me. How does the mineral come into existence? 
How does it go to pieces? 

The more I have considered the group of minerals known as 
clays, the kaolinite, montmorillonite and perhaps a dozen others, 
the more I think of them and study them, the more I am convinced 
that I know very little about them. I thought I knew something 
at one time, but I have come to the conclusion that the amount 
of my knowledge is extremely small. Take, for instance, the 
breaking down of feldspar into kaolinite; you will find in the books 
and in various published papers elaborate explanations of the 
mechanism of that change. You will find quite nice looking chem- 
ical formulae written out to explain the breaking down of feldspar 
into kaolinite. I think all those formulae are purely imaginary; 
there isn’t one of them I have found whichrepresents actual knowl- 
edge on that subject, and it seems to me that it is the function of 
the pure chemist to find out what the reactions actually are—to 
write out an equation which shal] be true and rest on experimental 
evidence. ’ 

I think if we get information of that kind, we shall be able to 
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help the ceramic industry much more than if we make innumerable 
analyses of clays and pay no attention to their physical character- 
istics. One clay may be plastic while another, apparently of the 
same composition, is not; and a good deal of work has been done 
by various people to determine the cause of plasticity or non-plas- 
ticity. Mr. Cushman, of this city, has done a great deal on that 
line with reference to the use of different varieties of stone in road 
making, and has found out that plasticity depends very largely on 
the content of colloidal substances which bind, whereas the 
purely crystalline substances will not. 

As to the various other things which are used in the ceramic 
industry, I am not qualified to express an opinion. I know per- 
fectly well that all sorts of additions are made to the clays in the 
manufacture of porcelain, glass, brick, etc., but as to their respec- 
tive functions, I am not qualified to express an opinion. The 
subject deserves a very large amount of investigation and I sin- 
cerely hope that where you are so situated as to be able to en- 
courage research work, you will do so. Some of you are connected 
with universities and some of you are engaged in works near uni- 
versities; and if you can persuade the men in charge of laboratories 
in those institutions to do accurate work in the interest of pure 
science which will help ultimately your applied science, you will 
get forward a great deal faster than you have done hitherto. The 
field is a big one and I should sincerely like to see some thoroughly 
good work done on the whole group of clay bodies and their real 
chemical and mineralogical nature determined. 

There are two controversies on hand just now; one is as to the 
nature of the species called clays. You will find that in Europe, 
Thugutt, Stremme, and Le Chatelier are entirely at odds as to 
which are the true species and which are not. ‘They agree upon 
a few like kaolinites and pyrophyllites perhaps, but there are 
others which they insist a remixtures of hydroxides and silica in 
the colloidal condition and are not true compounds at all. We 
don’t know. It is the same way as to the origin of kaolin; there 
is a controversy going on there. Roesler in Germany has been 
elaborately arguing that it is produced from feldspar by the action 
of hot springs, volcanic action only, and we in:this country feel 
pretty sure that the great deposits in the South and along the 
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Appalachians are due to the decomposition of feldspars by per- 
colating waters, without any action of a volcanic character what- 
ever. That illustrates the old saying, attributed to Macaulay, 
that the truth is neither black nor white but gray. 

I might illustrate the controversy by a parable. A philosopher 
came from New York to Washington over the Pennsylvania Rail- 
road, and found there some three hundred thousand people. Be- 
ing a philosopher, he undertook to account for how three hundred 
thousand people got to Washington, and finally decided that they 
came from New York over the Pennsylvania Railroad. He said, 
“‘T know they did, because I have done it.” Thereisa great deal 
of that sort of thing in the controversies I have mentioned. The 
Germans base their opinion entirely on their local experiences, and 
we run the risk of basing our conclusions upon our local experi- 
ences, in the same way. If we can get together and see that there 
is more than one reaction which will produce a given compound, 
more than one way in which you can reach a given point, I think 
we shall get ahead a great deal faster than if we try to adopt one 
view and force that upon everybody else. That, I think, is all 
I can say on this very large subject. (Applause.) 


AN EXPERIMENT IN CERAMIC EDUCATION 


BY HERFORD HOPE, NEW BRIGHTON, PA. 


INTRODUCTION—NECESSITY FOR THE SCHOOL 


During the writer’s experience as foreman of the Mayer China 
Company, Beaver Falls, Pennsylvania, he has, at various times, come 
into contact with quite a number of boys and young men who 
have been really anxious to work their way up to better positions. 
A few have actually done so, but the majority, for various reasons, 
but partly because they could not get the instruction they 
required, have not made much progress, and after some years 
have settled down to work at the bench for the rest of their lives. 
For a long time it has seemed that something should be done to 
help in cases of this kind; but until a little over a year ago, nothing 
was attempted. 


HISTORY OF WORK ALREADY DONE 


The incident that brought the matter to a head will also explain 
the chief motive of the project. In the course of a personal con- 
versation with one of the boys, he told me that he would very 
much like to go back to school, but was, of course, compelled to 
stay at work in order to earn his living. I spoke of the oppor- 
tunities afforded by night schools and correspondence courses, 
reflecting at the same time that none of these gave instruction in 
ceramic work, and that in order to advance himself, the boy would 
soon have to leave the pottery. Obviously, then, at this rate we 
would be likely to lose the brightest and steadiest boys we had, 
and why should they not be encouraged to remain with us, at 
least for a long time, by giving them an education in our own bus- 
iness? The matter appealed to the writer with such urgency that 
a few weeks later, after notice of the proposed class had been posted 
in the clay shop and all had had an opportunity to read it, a pre- 
liminary meeting was held, and a class of ten started, all but two 
being potters. An elementary chemistry by Williams which had 
been used in the local high school was adopted as the textbook, and 
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the class met twice a week at the writer’s home in New Brighton, 
where a laboratory had been fitted up. The costeof the books, 
apparatus, etc., is defrayed by weekly dues of twenty-five cents 
paid by each member to one of their number, who acts as treasurer. 

The class was discontinued from May Ist until September Ist; 
but those who were deficient in arithmetic were given one lesson 
per week in that subject, and thus were more nearly on an equality 
with others when the class started again. 

On recommencing in September, chemistry was continued on 
Thursday evenings at my house, the other period being on Saturday 
afternoons and held in one of the rooms at the pottery. On these 
Saturday afternoons, we began a very brief outline of geology, 
leading up to the occurrence of clays and the other raw materials 
used in pottery bodies, then the methods used in their preparation | 
both in this country and in England, and finally the effect of 
each ingredient in a normal earthenware or china body, this being 
shown by each member of the class mixing a body containing 
different proportions from those of the others. At this point it 
was intended to proceed with the manufacturing processes from 
the sliphouse to the glost warehouse; but before beginning, it 
was apparent that some knowledge of the principles of physics 
would first be necessary. Physics, therefore, was substituted as the 
subject for Saturday afternoons, an elementary but well arranged 
work by Mann and Twiss secured, and study begun. 


PLANS FOR THE FUTURE 


_ The above is our present status, the following being what the 
writer expects to cover in about three or four years more. The 
chemistry textbook should be finished by December of this year 
(1913) and the physics, omitting the greater part of the sub- 
jects light and sound, not much later. Then for the remainder 
of that year we expect to cover under Body Preparation: body 
mixing, wet and dry, blungers, sifters, lawns, electro-magnets, 
slip-pumps, filter-presses, air and centrifugal pressing, slip kilns, 
pug mills, kneading machines, hand wedging. Under Shaping 
Processes: pressing and casting (leaving the subject of alkali addi- 
tions to slips for the present); handle making and sticking up; 
jiggering; pressing from steel dies; mouldmaking and modelling; 
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(these would be gone through rapidly as they are part of the daily 
work of the potters); preparation of plaster. Then under Dry- 
ing: natural and artificial drying; stove-rooms, various types; 
damp closets; ventilation. Under the head of Firing: kilns, up- 
draft, principles of contruction with examination by the class of 
kilns under repair (drawings to be made of these); practical in- 
struction in firing; fuels, calorific power etc.; gas analysis and draft 
gauges; cones, their composition and use; electrical and other 
pyrometers; comparison of analyses of fire clays; sagger bodies; 
sagger making; fire brick; study of refractories under load condi- 
tions. Under Placing: biscuit placing of earthenware, feldspar 
china and bone china; setters; designing profiles for jigger tools. 
Synchronous with the above, we will give a continuation of the 
experiments to show the effect of the various body materials, 
making all possible combinations of flint, feldspar, china and ball 
clays, these to be made up, fired and studied; this will also be a 
study in eutectics. On the manufacturing side will be given 
the following subjects: down-draft kilns, hard porcelain kilns, con- 
tinuous kilns, (muffles will be treated of later); efficiency of kilns; 
heat lost and utilized. This will end the second year. 

The subjects included under the head of manufacturing proc- 
esses for the third year’s work are as follows: biscuit brushing, 
cleaning and scouring machines; biscuit loss, causes and remedies; 
glaze materials and their preparation; glaze grinding (mixtures 
to be taken up later); ball mills, pans, etc.; dipping, earthenware 
and china; weight of glaze; mechanical dipping; drying mangles, 
etc.; glost placing; sagger washes; stilts and pins; bitstone; glost 
saggers; cranks, etc.; glost firing; dressing, grinding and polishing 
glost ware; carborundum blocks, wheels, etc.; glost thirds and 
loss, causes and remedies; printing, hand and machine; multi- 
color printing; oils, sizes, etc.; general notes on the preparation of 
colors (specific details given later) ; lithographic transfers and their 
manufacture; enamel kilns, intermittent and continuous, construc- 
tion and firing; placing. 

Carried on synchronously with the above will be the following 
studies: value of ultimate and rational analysis; ceramic calcula- 
tions; compounding of earthenware bodies, china bodies with the 
effect upon them of various fluxes, bone china, hard and soft por- 
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celain, parian, jasper, stoneware, etc.; stains and decolorizers, ef- 
fects of iron on clays; effect of fine division of materials on vitri- 
fication and other points; elutriation and surface factor; effect of 
the addition of alkalies to slips; measurement of vitrification, 
porosity, specific gravity, hardness, translucency, etc. The fore- 
going should be covered by the end of the third year. 

The fourth year’s work will comprize the study of the following: 
glazes and glasses, the various types, their range of composition 
and use; raw lead glazes; salt glazes; earthenware and china glazes; 
frits; frit kiln construction; composition of lining with reference 
to composition of frit to be melted; hard porcelain glazes; lead- 
less glazes for earthenware; colored, mat and crystalline glazes; 
effect on various colors of glazes of various compositions; defects 
of glazes and their remedies; colors, underglaze, their prepara- 
tion; blues, greens, browns, blacks, greys, pinks, and purples, yel- 
lows, etc.; underglaze fluxes; overglaze colors and fluxes; prepa- 
ration of gold colors; lusters, raised paste, etc.; gold printing; 
general review of pottery manufacture; designing and arranging 
a pottery; outline of other ceramic manufactures. 


CONCLUSIONS 


The writer does not imagine for a moment that he has included 
all the subjects that should be taught in order to give a thorough 
knowledge of pottery manufacture; but he does believe that if 
the foregoing schedule is covered with a fair degree of thorough- 
ness and if the class will see the various processes for themselves 
as they are given the opportunity to do, they should have a fair 
general idea of the business at the end of four or five years. 

Of course the advancement of any individual rests chiefly with 
himself, and it is my special desire to impress on the class that no 
matter what their opportunity, hard work and study are absolutely 
essential. Furthermore, very small measure of success will be 
attained in any executive position unless the individual has a cer- 
tain tact and skill in handling his employes and a thorough knowl- 
edge of the class of labor with which he is dealing; and the pos- 
session or lack of this faculty soon becomes apparent at the bench, 
for almost all the potters over twenty years of age, and a good 
many younger, have one or more younger boys working for them, 
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and the manner in which they manage these boys furnishes a 
true index of their future success in handling men. Much more 
could be said on the methods employed in teaching this experi- 
mental class; but as the teacher is as much of an experiment as 
the class, he does not think his opinions would carry weight at 
this time. 

In conclusion the writer wishes to acknowledge with thanks the 
kind help given by Prof. A. V. Bleininger of the U. S. Bureau of 
Standards and Arthur Heath, Esq., Instructor in the Pottery 
Schools of North Staffordshire, England, in preparing the schedule 
outlined above. 


DISCUSSION 


Prof. Orton: I have been interested in Mr. Hope’s paper. The 
point upon which he is having difficulty strikes me as a practical 
difficulty for almost any similar case. In any one manufacturing 
concern, it might not be necessary to start a new class every year, 
but in any large pottery community, there would certainly be an 
oncoming class every year that should receive assistance, and it 
seems hard to force a growing boy to wait longer than a year for 
an opportunity to get in to a profitable course of study at the 
beginning. The difficulty of getting into a course at any other 
place than the beginning is more or less like getting a link into a 
continuous chain. 

Mr. Hope’s work reminds me of the work that is being done in 
the University of Cincinnati, where they are trying out, in a. 
rather large way, an experiment in co-operative engineering edu- 
cation. A group of students work about one half time in the 
shop, and one half time in the University. The co-operating shops 
are mostly machine shops, located in Cincinnati and vicinity, and 
they contract to take on a certain number of these student appren- 
tices, and to provide work for them for certain portions of each 
week. The boys work in the shop on commercial work, as I 
understand it. An instructor of the University keeps in reasonably 
close contact with what each boy is doing in the shop, so that their 
work will, to some extent, be supplemented by the training work 
that they get at school. They get credit for the work they do at 
the shop as a part of their course. The significance of the exper- 
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iment is perhaps somewhat indicated by the popularity of it; the 
waiting list is said to be something like ten times the total possible 
registration in the course; that means that the youth of Cincinnati 
are so impressed with this mode of education, that if they could, 
they would fill up ten schools at once. The experiment has been 
-In process for some five or six years now—four or five years at 
least. It has not been largely tried elsewhere, though I understand 
the University of Pittsburgh is beginning a similar system. 

There is a pretty general trend, I may say, towards vocational 
work in schools, and making the school training give some direct 
preparation for a business. It seems to be in the air. Congress 
has been considering within the past few days an enormous appro- 
priation, estimated to run from thirteen to sixteen million dol- 
lars, to carry vocational training into the public school systems 
of the various states, or to provide governmental co-operation 
for that purpose, making it necessary for the states to do their 
part, of course, in maintaining such a system. The part of the 
state is much larger than the part of the government, but in 
order to get the government aid, the state must make its expen- 
diture. It seems that we shall probably all of us live to see the 
day when vocational training will have its well accepted place in — 
the educational scheme, and these sporadic efforts which have 
been made thus far, such as Mr. Hope has described, and which 
I think Mr. Greener describes, and which I have attempted to 
describe, are just feeling the situation out. We must prepare 
our minds for rather radical innovations in our educational system. 
The old principles of education; which have stood for so long, 
. which make no recognition of the use of one’s hands, I think are 
bound to be radically supplemented; they have been radically 

supplemented already, and probably we have barely begun the 
- process of revision. 

Mr. Lovejoy: Professor Orton might have drawn an Wnereirene 
I think, closer at home, but of course not in as high work as the 
University. Our trade school at Columbus, Ohio, is working iden- 
tically along the line mentioned by him and Professor Purdy, 
and it is part of our public school system. The first year is given 
entirely to school work. After the first year, if they carry the 
first year’s work creditably, which is always an inducement to 


68 AN EXPERIMENT IN CERAMIC ‘EDUCATION 


them, the students are placed in factories about the city, working 
a week in the factory and the alternate week in the school. Two 
boys are sent out for each place so that there is always a contin- 
uous workman in the factory. One will work one week and go 
to school the next, and alternate with the second boy. The school 
has been in operation now several years in the city and I believe. 
is doing good work. I think, as Professor Orton says, that we 
are coming to that very thing in all our school work. It is my 
impression that McGill University of Montreal, Province of Que- 
bec, requires from every engineer—at least in some departments 
it is true—one year’s practical work before a degree is granted, in 
fact before the student is permitted to take the senior year’s work. 
Mr. Cronquist: I don’t know whether it is of interest for a 
person to hear about the manner in which we, in Sweden, teach 
the foreman. I think it was twelve years ago that the foremen 
themselves in the brick yards in Sweden felt that they did not 
know enough about the brick business; and they started, together 
with the manufacturers, a school for foremen in brick yards—for 
the foremen themselves, for burners and for the foremen’s boys. 
They did not make an ordinary school; but they built a brick 
yard and produced in this yard about half a million bricks and 
tiles. In the winter time the boys received instruction there, 
and in the summer time they can learn how torunaplant. They 
have, however, at first, to have at least two years practice and of 
that one year burning before they can enter the school. That is 
perhaps a parallel that you can use here in the pottery business: 
Dr. Boyd: In connection with the education of the members of 
any manufacturing line, I have found in one large institution in 
particular that I was connected with that they would educate the 
men very satisfactorily by placing within the grasp of each indi- 
vidual an opportunity of attending a meeting once a week and 
having these meetings addressed by the heads of different depart- 
ments. Now, it occurs to me that this point might be well taken 
here, that’ manufacturers in the clay working industries should 
give their employes an opportunity of meeting and being ad- 
dressed by the heads of the different departments. You will find 
that the manin the packing department is very much interested 
in what is going on in some other part of the factory; and you 
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may have a man in the back of the factory who is very much in- 
terested or wants to be interested in what is going on in some 
other part. By having these meetings and having the heads of 
the different departments explain the business, you are gradually 
educating your men to be familiar with the whole line. I have 
seen this tried in a factory where they employed ten thousand 
people, and it worked very effectively and has brought to the 
front dozens of young men who had never been heard of before. 

Mr. Purdy: This subject is one of great importance. The 
course described by Professor Orton as being carried on in Cin- 
cinnati is bringing the “high brows’’ to the bench. We want a 
course that will bring the bench a little way at least toward the 
high brows; in other words, we need a trade school course, one 
that will fit the factory boys. It is very important that the uni- 
versity man shall know what it is to run a machine. He cannot 
be an engineer if he cannot run a planer and run it on fine jobs; 
but it is highly important that in some way we encourage the 
boys in the factory. At the Norton Company, Worcester, we are 
contemplating this very step and are trying to make an arrange- 
ment with the Trade School of that city to take the preliminary 
classes, 1.e., the elementary work described by Mr. Hope, adapting 
it to the needs of our business, and then we to go into that same 
school and teach the ceramic problems. Our aim is not to teach 
ceramics so much, because we do not care about that Job, as it 
is to interest these boys. It reverts back to the old problem how 
much you will let the boys into the so-called trade secrets of the 
factory. We can not make machines out of human beings any 
longer. We have become so specialized, that they do not know 
very much when they confine their knowedge to just one particular 
part of the work; so we, to interest them, had thought that per- 
haps a general course of ceramics would take them out of their 
little part of the bench into the factory at large—mentally, of 
course; and we do not expect, in that, to disclose valuable trade 
secrets, for we find that we can teach very broad principles about 
bodies and glazes, even the bodies and the glazes used in the fac- 
tory, without giving specific data. 

We think it is very important that we should do this, and it is 
the same sort of disclosure of facts that we, in the Ceramic So- 
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ciety, ask. Manufacturers who are coming continually to listen to: 
these papers, know there are things being said that are of impor- 
tance to the work of each or he would not be coming. These same 
persons could recite experiences which would not be a disclosure 
of what they are using; and in the same sense we can teach, in 
the factory, very definite problems, as Mr. Hope expects to do, 
in the Mayer Pottery Company, without disclosing to these young 
men all the secrets that would make him a successful potter; 
although in the end, the object would be of course to prepare him 
so that, if he had it in him he could be a successful potter. We 
hope to do the same thing. It isa trade school idea in the factory, 
and I think we all ought to encourage that. 

Mr. Hastings: I will say that in Hartford, the metal working 
trades, of which that is quite a center, have gotten together and 
sent the boys, about forty at present, to the High School, which 
is well equipped in that line, for two afternoons a week. ‘The boys 
draw pay just the same as if they were working in the factory. Of 
course it is quite a new experiment; but it is working out splen- 
didly. The boys are made to go to school; the manufacturers 
think it is worth while. 


THE EFFECT OF OVERBURNING UPON THE STRUCTURE 
OF CLAYS! 


A. V. BLEININGER AND E. T. MONTGOMERY, PITTSBURGH, PA. 
INTRODUCTION 


The formation of vesicular structure in clays during burning is 
a well known phenomenon, and repeatedly in the T'ransactions 
attention has been called to the presence of pore space into which 
water cannot penetrate and which, therefore, finds no expression. 
in the absorption tests as commonly practiced. Purdy espe- 
- cially has brought out this point in several of his investigations, 
although actual determinations have been reported only in one 
paper,” where a fire clay was made the subject of study. 

The tendency of a clay to form vesicular pore spaces is as much 
a characteristic property as the decrease in initial porosity. The 
magnitude of this formation of “bleb” structure is necessarily of 
considerable influence upon the properties of the burned material, 
especially in the case of paving brick, electrical porcelain and din- 
ner ware, glass pots, etc., since it cannot be denied that it is more 
or less deleterious in every case. On the other hand, we must 
recognize the fact that the conditions of burning have much to 
do with causing vesicular structure, of which incomplete oxida- 
tion and too rapid burning or over heating are the most prominent. 
But, even though all precautions are taken, a certain amount of 
gaseous matter is given off by every clay, resulting in more or 
less permanent enclosed pore space. The gases evolved may be 
of various origin and may consist of air contained within the 
clay; sulphur di and tri oxide, steam, carbon dioxide or monoxide, 
oxygen and even hydro-carbons absorbed during the burning. 
Both the inherent structure of the clay, as well as that imparted . 
to it in molding are important factors. The effect of the artificial 
structure of clays is illustrated by the case of two paving-brick 
shales with which the writers are acquainted. In both cases in- 
ferior results were obtained as long as the materials were put 





1 By permission of the Director, Bureau of Standards. 
2Trans. Am. Ceram. Soc., vol. 13, p. 603. 
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through ‘a fine screen. As soon as coarser screens were adopted, 
the quality of the burned ware was improved decidedly as was 
shown by the more satisfactory rattler results. A  consid- 
erable number of clays, especially certain surface and No. 2 fire | 
clays, cannot be burned to the non-absorbent state of vitrifica- 
tion, owing to the formation of vesicular structure which takes 
place long before the porosity approaches non-absorption. This 
peculiar property of clays therefore should receive careful con- 
sideration. Starting from this extreme, we find clays which reach 
the state of non-absorption, but which at this point develop the 
enclosed pore space very rapidly. On the other hand, certain 
materials are less sensitive to temperature increase and show no 
marked change in this respect. These obviously are the most 
desirable clays. Practically no densely burnt clay mass is without 
vesicular structure. Open grained bodies, like fire brick, how- 
ever, may be said to be free from enclosed pore space. 


EXPERIMENTAL PART 


Owing to the importance of this topic it was considered advisable 
to do some work along these lines, consisting in the determination 
of the total and enclosed pore space of clays burned to several 
temperatures, starting from the point at which maturity has 
been reached. Six clays were used in this work, as follows: No. 1, 
surface clay, weathered shale, Cleveland, Ohio; No. 2, surface 
clay, glacial, Curtice, Ohio; No. 3, shale, Galesburg, Illinois; No. 
4, shale Cleveland, Ohio; No. 5, No. 2 fire clay, Union Furnace, 
Ohio; No. 6, -No. 2 fire clay, Kittanning, Pennsylvania. 

Each batch of these clays was pugged to uniform consistency, 
and all the specimens were molded from the same lump, rendered 
as homogeneous as possible. The molding was done in brass 
molds, and the trials were practically cubes, weighing about 130 
grams in the burnt state. The drying was carried on slowly at 
room temperature. 

In the burning a constant rate of temperature increase of 20°C. 
per hour was maintained during all the burns. Due to the use 
of natural gas, this was easily possible, and the heating curve pro- 
posed was followed very closely. The temperature measurements 
were made by means of a thermocouple and a Siemens-Halske re- 
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cording milli-voltmeter. Part of the time a second couple was 
inserted through the back of the kiln in order to check the uniform- 
ity of the heat distribution. Cones were placed in each burn. 
The cold junctions were kept in glass tubes cooled in ice water. 
At each of the selected temperature three trial pieces were drawn 
for the purpose of checking the results. Upon drawing, the sets 
of specimens were cooled in a pot furnace previously fired to a 
red heat. 

The trial pieces were then weighed, saturated with water, in 
vacuo, followed by the usual determination of the suspended and 
wet weights. An average sample of the brickettes was then ob- 
tained, which was pulverized for the estimation of the true specific 
gravity by means of the pycnometer. 

From these values the percent of apparent porosity was cal- 
culated from the relation 100 (W-D)-—(D-S,). The pore space is 
expressed here in terms of the true clay volume, viz., dry weight 
divided by the true density. Similarly the percent volume of 
the enclosed pores space was reckoned from the formula: 


SY, 
100 es a 5) 16 eS y : 
D Ss 
Sy 


In these expressions: 

D = dry weight of specimen. 

W = wet weight. 

8S, = true specific gravity. 

Se = apparent specific gravity of saturated piece. 
The total porosity, of course, represents the apparent pore volume 
plus the volume of the enclosed pore space, all of the values being 
expressed in terms of the true clay volume. It is quite evident 
that the apparent specific gravity of the piece equals the true 
specific gravity only under two conditions, viz., when there are 
no enclosed pore spaces or when all of the latter are open and 
may be occupied by water. The former case is impossible; the 
latter is frequently realized with open grained fire rick and similar 
materials. 
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In this investigation overburning was studied rather than normal 
conditions in order to bring out the readiness, varying for different 
clays, with which they become spongy and to determine if possible 
how important a factor the enclosed pore space is in bringing 
about the swelling. At the same time it seemed desirable to follow 
the changes in density upon heating the clays beyond the stages 
of maximum strength and dense vitrification. _ 

The results of this work are compiled in Tables 1 to 6. Atten- 
tion might be called at this point to the regularity with which the 
cones went down in the different burns, which is due to the fact 
that the same rate of firing was maintained throughout. This 
emphasizes the importance of associating the softening points of 
cones with definite rates of heating. It should become common 
practice to compare cone temperatures on the basis of time-tem- 
perature curves. 

In Figures 1 to 6 inclusive, the results of the porosity deter- 
minations are shown graphically. 

Cleveland Surface Clay (Fig. 1). In considering results of this 
kind it is well to remember that the accidental factors entering 
into this question are quite prominent. ‘The initial structure of 
the clay, the method of molding, the rate of heating, the character 
of the kiln atmosphere, shorter or longer periods of over-firing, 
all influence the porosity conditions. In the present case we have 
minimum absorption, 2.4 percent, and porosity at 1110° followed 
by a rather sudden increase in porosity. The clay does not be- 
come densely vitrified at any temperature. Overburning begins 
within one cone of minimum absorption with decided develop- 
ment of vesicular structure. Such facts as these clearly show the 
impossibility of using such clays for the manufacture of paving 
brick. The enclosed pore*space also increases, though not as 
markedly as might be expected from the development of the 
porosity. 

Curtice Surface Clay (Fig.2). The conditions are very similar to 
those in the preceding case, with the exception that the vesicular 
structure develops very strongly and then subsides decidedly as 
the gases escape. In time, of course still higher temperatures 
would cause more or less complete expulsion of the gases and re- 
duction of total porosity so that finally we would have a glass 
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of no apparent porosity but still possessed of a system of enclosed 
pores. 

Galesburg Shale (Fig. 3). This material reaches minimum 
absorption at between 1090° and 1110°, 0.5 per cent at 1090° and 
zero at 1110°. At these points the open pore space is negligible 
in volume, but the vesicular structure has developed rapidly, be- 
ginning with 1070°C. For best results, therefore, the best burn- 
ing temperature should not exceed 1090°. The margin of safety 
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of this material has clearly been shown to be small, as is typical 
of many Illinois shales. The ithportance of following the devel- 
opment of the vesicular structure is thus clearly indicated since 
the ordinary porosity curve would fail to bring out the weakening 
influence of the factor in question: It is noted that the enclosed 
pore space diminishes again, though the total porosity is increased 
rapidly. ; 

Cleveland Shale (Fig. 4). This material differs markedly from 
the preceding one inasmuch as the range of non-absorption is 
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very much longer. It is noted that the pore space represents 
practically altogether enclosed “bleb”’ structure up to 1070°. From 
this point on the total porosity increases quite rapidly and the 
enclosed pore space more slowly. 

Union Furnace No. 2 Fire Clay (Fig. 5). This clay shows a 
gradually decreasing total porcsity with diminishing absorption, 
interrupted between 1130° and 1170° by the increased vesicular 
structure. The lowest absorption is 2.14 percent (in terms of the 
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dry weight) and is reached at 1190°. From this point on the 
total porosity gains rapidly although at the same time there is 
a marked decrease in enclosed pore space. The diagram shows 
clearly that this clay cannot be vitrified to a dense structure at 
commercial temperatures and hence would not be suitable for 
the manufacture of stoneware or similar products. 

Kittanning No. 2 Fire Clay (Fig. 6). This material shows a 
markedly different behavior from the preceding clay of the same 
type. Starting with an absorption of 6.28 percent at 1090°, it 
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_ reaches practically complete non-absorption, which condition is 
retained up to 1250°. At 1250° vesicular structure is developed, 
although the open pore space is not increased in volume. The dia- 
gram shows very strikingly the excellent qualities of this clay and 
its suitability for all products requiring dense structure and safe 
firing behavior. 

Specific Gravity. The increase in the specific volume of these | 
clays is shown by the tables as well as by the curves of figure 7. 
It is at once observed that in no case constant conditions have been 
reached, but that the density continues to decrease at a steady 
rate. This is further evidence tending to show that we are deal- 
ing here with a state.far from equilibrium, which is reached only 
when complete fusion has been brought about. It is interesting 
to note the drop on the specific gravities which are as follows: 




















CLAY pe ae ee DIFFERENCE 
Cleveland surface clay............. 2.63 2.49 0.140 
Curtice’suriace Clays so. < 06 ces con 2.61 2.485 0.125 
GCralesbure shales. jiacck lcci. etre 2.67 2.495 0.175 
Clevelandrsttaley. G8 2 sak aes 2.65 2.500 0.150 
Union Furnace No. 2 fire clay...... 2.655 2.505 0.150 
ihittannine No.2 fire clay... ..:.. 262 2.48 0.140 
SUMMARY 


In the testing of clays, the question of development of vesicular 
- structure should receive careful attention and should be included 
in every complete report: Owing to the fact that the conditions 
of firing and other factors enter into the formation of enclosed 
pore space, thorough sampling and carefully conducted burning is 
essential. 

A definite rate of firing after the complete oxidation of the 
material should be maintained. The study of vesicular structure 
is more important in the case of materials where sound vitrifica- 
tion is required, as in the case of sewer pipe, paving brick, stone- 
ware, electrical porcelain, etc., than for open grained products. It 
is advisable to express all volume relations in terms of the true clay 
volume. 
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The continuous decrease in the specific gravity of the over- 
burned clays show that molecular changes are still going on and 
that equilibrium is by no means reached at the stage of complete 
vitrification. 
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TABLE I—CLAY NO. 1, CLEVELAND SURFACE CLAY 





TEMPERATURE 
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TABLE II—CLAY NO. 2, CURTICE SURFACE CLAY 
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TABLE III—CLAY NO. 3, GALESBURG, ILL., SHALE 
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TABLE IV—CLAY NO. 4, CLEVELAND SHALE 
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TABLE V—CLAY NO. 5, UNION FURNACE NO. 2 FIRE CLAY 
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TABLE VI—CLAY NO. 


6, KITTANNING NO. 2 FIRE CLAY 
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DISCUSSION 


Prof. Potts: What is the advantage of expressing the volume 
changes in the true clay volume other than that you get a higher 
ordinate in plotting the curves? 

Mr. Bleininger: Because true clay volume does not change, of 
course, as would the exterior volume. ‘There are a great many 
accidental features, such as evolution of gas, which change exterior 
volume. The suggestion is made to eliminate these errors and 
employ a constant that is as much a real constant as we can get. 

Mr. Purdy: I was very much interested in noting the exceed- 
ingly large amount of open pores in the overburned samples and the 
increasing volume of open pores. I am very much surprised. I 
don’t know how you got water into them. 

Mr. Bleininger: These open pores, due to escaping gas, are 
open all the way from the surface to the interior of the brick, and a 
great many of them communicate. The water does penetrate the 
interior, although there is a certain portion, as shown by the dia- 
gram, where the pores are really enclosed. 

Mr. Purdy: How was that data obtained? By actual tests? 

Mr. Bleininger: Yes, in the case of greatly overburned materials, 
there is a certain source of error, of course, because of the large 
surface openings which could not be gotten around, but even con- 
sidering the error, the amount of water absorbed was as indicated 
by the diagrams. 

Prof. Orton: Is it not true that when you burn a clay too long 
past its maturity, it forms this coarse vesicular structure, and as 
the cooling progresses, the walls of these vessels frequently rupture 
so as to make a communicating pore system, though it was pre- 
viously gaseous bubbles? 

Mr. Purdy: In bringing the clay up to this vitrification point, 
as I understand you did, you would have decreased open pores 
and increased vesicular structure or enclosed pores, and then, 
carrying it from the vitrified condition of that clay up to the over- 
burned, you would get again a reverse,i.e.,some of these enclosed 
pores are becoming open pores? 

Mr. Bleininger: Yes, sir. 

Mr. Purdy: What is the value of studying the clay after it is 
overburned? 


88 EFFECT OF OVERBURNING UPON CLAYS 


Mr. Bleininger: It is simply because we are rather curious to 
know. whether the specific gravity was approaching a constant 
value. In other words, how closely we were approaching equilib- 
rium, but, as you see from the values, we are far from it. That 
is really the main motive for this. 

Prof. Orton: Right in that connection, Dr. Day beautifully 
pointed out in his talk the other day the fact that he was dealing 
with one end of the system, and we were dealing with the other 
end of it; but it is very seldom that in actual clay products, we 
ever get to an approximation of the quiet equilibrium, but I have 
once or twice seen a condition of that sort where clays had gone 
through this bubbling state and settled into quiescent glasses. 

Mr. Bleininger: You will notice in one or two cases there is a 
beginning of subsidence, and we had hoped to get more of it, but 
did not. 


THE USE OF COST FIGURES IN PLANT ADMINISTRATION 


BY DWIGHT T. FARNHAM, SEATTLE, WASH. 
CO-OPERATION THE BASIS OF AN EFFECTIVE COST SYSTEM 


Every business man’s magazine and every trade journal, to say 
nothing of the numerous list of publications devoted exclusively 
to system and accountancy, devotes considerable space to articles 
on cost-keeping. These are illustrated profusely with ruled forms 
and various sorts of diagrams, which display the author’s skill as a 
draftsman, and give full play to his ingenuity in subdividing the 
operations of manufacture in novel and astonishing ways. This 
sort of work is so fascinating that the author cannot be blamed 
for losing sight of the real purpose of cost-keeping, as he so often 
does, and mistaking the trappings and appanages of costs for the 
real substance. The best cost system is the one which, with the © 
least clerical work will enable the executive head of the plant to 
compare the cost of labor and material during one period of time 
- with the cost of labor and material during a similar period of 
time,-in the manner which renders it the easiest to correct methods 
of manufacture, and so lower the cost of production. 

Such a system cannot be designed by the chief clerk or by the 
superintendent alone, but must be the result of their co-operative 
study of the problems of manufacture. The intelligent superin- 
tendent knows what he wants his costs to tell him. It is the 
province of the accountant to show him how this can be done ac- 
curately, and in a way practicable from the book-keeping stand- 
point. Many a superintendent regards cost as an unholy system 
evolved late at night by the book-keeping department for the 
express purpose of tripping him up and proving him a loafer, a _ 
liar or a grafter—possibly all three. Under the circumstances, 
we cannot blame him for his lack of faith in costs, and his prone- 
ness to fall back upon that ancient axiom in regard to the veracity 
of those who figure. If, on the other hand, instead of having a 
terrifying stack of ruled forms thrust upon him with instructions 
which, to him, seem to require an instant and thorough compre- 
hension of the intricacies of the most complicated system of double 
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entry, his interest can be gradually aroused by the mention of the 
fact that the clay gang averaged ten cars per man every day last 
week, which was one car per day better than they had done for 
the three weeks previous, he is much more likely to become an 
ardent believer in costs and cost systems. In other words, if a 
cost system can be presented in its true light, that of a help to the 
active executive rather than a basis for blame by the superior, 
the spirit of co-operation and mutual help between the accounting 
department and the superintendent is much more likely to be 
engendered than where the true function of costs is misunderstood. 
The superintendent should be fairly clamoring for his costs; and 
where he is, the manager will never have to use them as a text for 
a lecture on the general worthlessness of that superintendent. 

The cost system should originate in and be built to fit the bus- 
iness, not the business hammered and constrained to conform to 
the cost system. Many an expensive cost system has been dis- 
carded because it led to conclusions which the men actively en- 
gaged in the process of manufacture could prove to be erroneous. 
It must not only be born in the business and of the needs of the 
men at the heads of the manufacturing departments; but it must 
change continually, following closely the evolutions of the process 
of manufacture. This can only be accomplished by the active 
executive feeling the need of the system and keeping in closest 
touch with the department which turns out the figures. It is a 
case of co-operation throughout, the cost system being so con- 
stituted by the accountant as to be of real assistance to the super- 
intendent, and the superintendent so feeling the need of the cost 
system as to render every possible assistance to the accountant. 
Without this co-operation the best system will fail. 


SIMPLE VERSUS ELABORATE SYSTEMS 


Many successful business men feel that an annual statement is 
sufficient in the way of a cost system. This has been aptly 
termed the ‘‘bag” system of accounting. The manufacturer in 
question, in effect, secures a sack and into it puts all the money 
which comes in, paying out from time to time such sums as are 
necessary, and at the end of the year dumps.the bag and pockets 
the contents. This is all right unless the contents happen to 
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consist of an accumulation of I. O. U.’s. When things come to 
this pass, he either goes into bankruptcy or institutes a cost sys- 
tem which will analyze his business and show him where the leaks 
are. The other extreme is the cost system which is so compli- 
cated that the busy executive has no time to puzzle his way 
through its intricacies, and in consequence, disregards it, so that 
the business is just about as well off as if it had the “‘bag” system. 
The effective cost system of course lies somewhere between these 
two extremes. It is so designed as to bring out the really salient 
points and subordinate the mass of detail in such a way that 
details can be studied in time of need but may be disregarded 
when the business is running smoothly. This matter of the 
subordination of detail will be elaborated upon later. It is a good 
plan, however, to overhaul your cost system at least once a year 
and prune out such parts as can be dispensed with. What ap- 
peared as valuable data when it was first worked out very often 
becomes dead matter in a short time, and it is only by frequent 
and heartless scrutiny that the cost system can be kept at a high 
efficiency. Keep in mind continually that the cost of preparing 
this data is a dead weight on the business, and make every bit 
of the cost system work hard and produce results sufficient to 
justify its existence. 

Another thing, the cost system should be simple enough so 
that the analysis of the business can be made before the actual 
details of manufacture for the period are forgotten. The autopsy 
must be performed before the murderer has had time to escape. 
If the executive does not secure his cost data until a couple of 
months after, he is not likely to feel like going out and praising 
his men—or the reverse—for something that occurred so long ago 
as to be lost in the dim forgetfulness of ancient history. It is a 
good thing to have some daily costs, so that the executive 
knows just where he stands on the more important operations 
each night. Perhaps it may be found advantageous to roughly 
figure certain department costs each week, and then. at the end 
of the month the carefully compiled costs for the whole month 
will give the executive head the opportunity to sit down and calmly 
and coolly analyze the cost of operating each department with a 
view to increasing its efficiency, and so cutting down the total 
cost of production. 
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A SAMPLE SYSTEM 


We are not discussing methods of cost-keeping—a subject which 
would fill a volume, and is too likely to wander off into hair-split- 
ting distinctions. Our subject is the use of a simple cost system 
in such a manner as to get results. Furthermore, we are going 
to leave strictly alone all sorts of questions in regard to the dis- 
tribution of overhead expenses, the nature of depreciation, etc., 
any one of which is a subject in itself. We are taking, for purpose 
of illustration, a cost system which has been used extensively in 
the East and West to keep track of the operations around a sewer 
pipe plant—say in what is known as a “one press shop.” In 
order to make the matter clear, we will assume that the clay is 
delivered on the dump in mine cars, is ground in two dry pans, 
tempered in three wet pans, is made into small pipe by a press on 
the second floor, or into large pipe by a press on the first floor, 
dried on one of the three drying floors, and burned in twelve 30- 
foot kilns. Also, that the plant is equipped with standard boilers, 
a 200-H.P. engine, the usual conveyors and elevators, etc., and 
a miscellaneous crew consisting of about one-fourth intelligent 
labor and the balance what you can pick up for a dollar and a 
half a day. It may be stated that the costs used in the following 
tabulation are not actual, although they closely approximate the 
cost of labor and supplies obtaining in Pennsylvania and Ohio in 
1905, with common labor at $1.50 for ten hours, coal at $1.50 to 
$1.75 per short ton, and clay at $0.50 per ton delivered. 

These are the costs which wul interest the superintendent when 
he sits down about the middle of the month following and care- 
fully analyzes the cost of each operation for the month previous. 
During that month he has had daily reports showing the tons or 
list value of the pipe made each day, the number of hours run, 
the list per hour run, the cause of each shut-down, and the number 
of men in each department, possibly, also, the total wages for the 
day, so that he has known in a general way just how things have 
been going. Of course, any number of plants are run without this 
daily report, plants where the superintendent’s efficiency! is judged 

1 In this paper we use the word ‘‘efficiency’’ ‘to denote the amount of 


work done in a given time, taking the quality of the work, into consider- 
ation. 
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by the number of pairs of shoes he can wear out in a month and 
by the distance his voice can be heard. If you believe in that sort 
of plant administration, you probably stopped reading at the 
bottom of the first page, so that any discourse as to the errors of 
this type of superintending would not even reach you—much 
less convince you. For the benefit of those unfortunates who have 
to combat the advocates of the “‘shoe leather’’ system, it may be 
as well, however, to point to the common sense analysis of the 
matter. There are at least ten separate departments covered in 
the following tabulation—ten different gangs of men. This means 
that the harrassed foot racer who is responsible for the effi- 
ciency of the work of each crew can devote just one hour of the 
ten to each department—while the other nine hours each crew does 
as it pleases. 

We are not discussing the organization of the plant, the relations 
of the superintendent to his various foremen and sub-foremen; 
-but we have always believed that a plant should be so organ- 
ized that it will run itself as far as the routine work goes, leav- 
ing the superintendent free to throw himself into the breach where 
his superior training and knowledge are most needed. During 
- those rare times when there is no ‘‘trouble’’ anywhere, he can put 
his feet upon his desk and figure out how the company can make 
more money. 

At any rate, the superintendent can only be in one place at a 
time, and his chance of keeping all his crews working at a high 
efficiency is greatly increased if every night, or early the next morn- 
ing, he is handed a slip of paper which tells him just what each 
crew has accomplished during the day. The company’s position 
is also much more secure where a careful record of this sort has 
been kept. When a superintendent drops out, he does not take 
all the experience he has gained at the company’s expense with him. 
There are records which the next man can profit by, and there is 
less chance of the plant being turned into an experimental station 
for the education of superintendents. 

The costs for a single month are of little value taken alone. It 
is when they are compared with the preceding months and the 
fluctuations noted, and the investigations on the yard begun, that 
a cost system begins to pay dividends. The cost of grinding is 
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higher; why? It is lower; why? The answer leads to a reorgan- 
ization of the crew, or to the installation of labor-saving devices, 
and when the cost of the operation ceases to show violent fluctua- 
tions and remains uniformly low, the superintendent can tackle 
another problem. It is a very good plan for the superintendent 
to plot his costs on graph paper; then he has the whole thing 
spread out before him and fluctuations are much more noticeable. 

One of the first things to do, once the system has been installed, 
is to determine the relative importance of the various operations. 
It will be noted that this phrase heads the third column in the 
tabulation. After the costs for the month have been determined, 
it is a good thing to figure out just what percentage of the whole 
cost is represented by the cost of each operation. The various 
operations are then given numbers as in the third column, which 
show their importance in the scale. This brings home to the stu- 
dent the importance of concentrating his attention upon certain 
operations. 

The superintendent must keep in mind that he is the highest 
priced man about the place, that his time is worth more per hour 
than that of anyone’s under him, that he is paid this for his brains, 
and that he must concentrate the full power of these brains upon - 
the things which will save the company the most money. ‘To do 
this intelligently, he must know in which operation a saving of 5 
percent will net the most. If he concentrates on the stable and 
saves 5 percent of the cost, his work means one and a half mills 
per ton, $0.60 per month to the company. If heconcentrates on 
the kiln coal, this five percent may mean four cents per ton or $60 
per month. He must know how to conserve his time, how to 
pick out the essentials, and to concentrate on those. That is 
the reason for the third and fourth columns. | 

This knowledge of the relative importance of things is one of 
the most difficult things for a foreman to learn. It is so easy 
when a workman is doing a thing clumsily or carelessly to “jump 
in and show him how,” while the laborer stands by with his tongue 
in his cheek—and gets a rest—that some foremen have to be 
watched continually or they will do manual labor most of the time. 
It is easier to shovel than to think, in spite of what the soap 
box orators say, and the three dollar foreman has to learn that 
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every time he takes a dollar and a half man’s job away from him 
he is robbing the company of just fifteen cents per hour. I have 
seen a foreman go roaring into the midst of a crew of men and 
by superhuman exertion do the work of two or three of them for 
twenty minutes, while they all stood, by and laughed in their 
sleeves, order them ‘“‘to do it that way” and strut off with the 
sweat fairly dripping from him, thinking he had really accomplished 
something, while the men continued the work at exactly the former 
gait. And the worst of it is, lots of superintendents, and owners, 
think such a foreman is a valuable man. Why, he.:.was robbing 
the company just as surely as if he had looted the cash drawer. If 
he had stood and watched this crew fifteen minutes—and thought 
—and then spent five minutes re-grouping those men, possibly 
taken away or added a man to the crew, put one of them on work 
for which he was better suited mentally or physically, shown one 
- of them how to handle his tools more efficiently, he would have 

been earning his salary, and the men would have thought more 
of him. 

EXAMPLES OF THE USE OF A COST SYSTEM 


It will not be possible to analyze each operation given in the 
accompanying tabulation. One or two examples, will, however, 
be sufficient. 

We will begin with No. 1, kiln coal,. which costs say $1.60 per 
ton, and of which half a ton is required to burn a ton of burned 
sewer pipe. The question is how to reduce this cost of $0.80 per 
ton. Perhaps we can buy a cheaper coal and by careful attention 
to the details of burning, bring off our kilns with the same amount 
of coal without decreasing the quality of our ware. Perhaps we 
can use a coal that costs more per ton, but of which so much less 
is required that the ultimate cost per ton of burning ware is cheap- 
ened. In either case the saving is immediate. 

While making these tests we must carefully weigh or measure 
the coal and the ashes so that we do not lose what we gain in coal 
cost by an increased stable cost, or by having to increase our burn- 
ing force on account of the extra coal and ashes to be handled, or 
on account of the extra difficulty of cleaning fires because of the 
greater tendency of the new coal to clinker and stick to the brick 
work. 
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TABULATION—SHOWING MONTHLY COST OF LABOR AND MATERIAL 
IN A SEWER PIPE FACTORY 





























ine RELATIVE 
OPERATION sere ee a years ee oe 
TOTAL eae 
WAGES 
Moving clay—cars to dry pans.............. $0.03 0.8 12 
Grinding—-dty, Dans 4.2 ase ee ee .06 1.6 9 
Mixing—-wet pans,.0¢. 3). 4 eee 0.5 1.3 10 
Making press Crewe-.e..2o. or eee 34 920 4 
Finishing and drying—floor crew............ 2 3.4 7 
Setting—floorto lalne es ee £25 6.6 5 
Burning—burners and firemen............... .20 5.3 6 
Hauling coal and ash—carts and horses..... 0.3 0.8 12 
Kiln cleaning—cleaning....................: .02 O25 13 
Drawing—kiln to yard or cars............... 25 6.6 5 
General labor—miscellaneous................ 10 2.6 8 
Repairs tosbiuildings2oa. sie ess eee ee .03 0.8 12 
Repairs to machinery and equipment........ 07 1.8 9 
Repairs tovkilnss) oho sole ee rae .04 10 1 
Repairs:to 1ools..2.,.a.2 le eee OL O22 14 
Superintendence, = 7 pee 12 3.4 i 
Tétallabor sata esc eee ie een eae $1.72 45.7 
SUPPLIES 
Repairs to buildings yee ene ae eee $0.04 120 11 
Repairs to machinery and equipment..... rie .05 1.3 10 
Repairs to: kilns. pyate. ee tog ee, ree 10 2.6 8 
Repairs to°tools <a). ae at a a OL 0.2 14 
Miscellaneous supplies: 0.7902 a ee AUN 1.8 9 
Stable—labor and supplies.................. .05 1.3 10 
Clay—-costiat storarey inn) eases 50 13.2: 2 
Kiln coal—cost in bunkers............. 00.4. .80 2172 1 
Steam power—labor, coal and supplies...... .40 10.6 3 
Total-suppliés. 3.2 eee eee 2.02 53.2 
Total labor and supplies, cost per ton.....| 3.74 100.0 














Note: At $3.75 per ton, sewer pipe will cost from 8 to 9 percent of the 
list for labor and supplies, which will bring the total cost sold, f.o.b. cars 
at plant, up to 18 or 14 percent of the list or card. 
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The second method of decreasing the coal cost per ton of ware 
burned is by a careful analysis of the burning. For all practical 
purposes the rule is a safe one that the quantity of coal burned 
varies directly as the hours the kilnis burned. The quicker you can 
burn off your kiln of ware, the less coal you will use. Economy 
along this line means an intimate knowledge of the clay being 
treated, and progress must be slow if heavy losses are to be avoided. 

For the sake of brevity, we will say the burning of this particu- 
lar clay divides into the three simple periods, water smoking, 
oxidation, and vitrification, the first period extending from the 
atmospheric temperature to 650°C., the second from 650° to 750°, 
and the last from 750° to 1100°. 

A pyrometer is not absolutely necessary; but with it you will 
reach your conclusions much more rapidly and with less loss, and 
you can reproduce a given set of conditions with much greater 
accuracy. 

We will assume that the burns have been satisfactory as far 
as the quality of the ware is concerned. Our object is to cut down 
the time—and coal—and still hold the quality. Needless to say, 
we make sure the kilns to be used in the test are clean and in good 
condition, and that all ware set is thoroughly dry. 

We begin by cutting down the water smoking period, say a 
three hour period at a time, until we have a few blown pipe, then 
we stop, completing each burn and studying the results before 
beginning another experimental burn along the same lines. Mean- 
time, in order to save time, we may have been cutting down the 
oxidation on another kiln, and the vitrification period on another. 
It is best not to shorten two periods on one burn lest the troubles 
arising be laid to the wrong period. | 

By a careful process of elimination, making sure always that 
the burning conditions are as uniform as possible, the time is re- 
duced, first in the three hour periods, and later by hour periods, 
until the shortest safe burn is determined, and the lowest coal 
consumption established. I knew an old burner once who said he 
was never sure he had cut his coal to the limit unless he had one 
slightly blown pipe, and one slightly swelled pipe, when the kiln 
was drawn. This is skating on pretty thin ice, however, and is 
not advised. By careful work it is possible to establish a regular 
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schedule for burning dry pipe, one slightly longer for damp pipe, 
and one which is safe when, as sometimes happens, the pipe are 
set very damp, and for the head burner to hold his foremen to 
these time tables with very little variation. Such a system, once 
firmly established, insures the lowest practicable coal consumption. 

The second highest item on the tabulation is clay. In order 
to cheapen this, the superintendent must go out of his province 
under the factory conditions we have outlined. Even so, it is 
advisable for him to take an intelligent interest in the clay mining. 
He may be able to use a clay which can be more cheaply mined, 
or he may by insisting on a more careful selection, be able to in- 
crease his percentage of No. 1 ware. 

The third item is important; steam power is worthy of the deep- 
est study. The purchase of coal should be given close attention 
as in the case of the burning. The field is, however, somewhat 
wider, as we have no percentage to contend with. We can use 
the cheapest coal we can buy, provided the extra amount required 
does not cost more than is saved by the cheaper price per ton, 
and provided additions to the firing crew can be avoided. 

By the use of dutch ovens and mechanical stokers, refuse coals 
can be used, which cost little or nothing. These solve the labor 
problem and cut the firing expense to a minimum. By the use 
of such a device, six hundred horse power can be handled by two 
men, using coal 75 percent of which will pass a 20-mesh screen. 
- The chance for investigation and improvement in the usual clay- 
plant boiler room is almost unlimited, and as we have seen, a sav- 
ing here is the third most important saving about the plant. 

The fourth item, making, is largely a matter of output, and 
this is by long odds the most important thing to watch about the 
plant. We have seen how the careful superintendent has kept 
watch of his output with his daily reports. The effect of increased 
or decreased output, not only upon the making but upon the 
whole cost, is perhaps best seen by means of the following cal- 
culation. In the tabulation the cost per ton is found by dividing 
the monthly wages by the tons processed. We have assumed a 
making divisor of 1200 tons (monthly production at press). This 
divisor is properly used in the following operations:—grinding 

(the same number of men operate the dry pans regardless of whether 
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50 or 70 tons of clay are ground in a day, etc.) mixing, making, 
finishing and drying, general labor, repairs to buildings, machinery 
and tools, and superintendence. The supplies divided by the 
tons made would properly be supplies for repairs to buildings, to 
machinery, and to tools, miscellaneous supplies, stable and steam 
power. Some other items would be affected by the output, such 
as burning, etc., but we have left these out to offset any slight 
additional labor required by an increase in output in the operations 
enumerated above. The cost added to a ton of clay when acted 
upon by the above departments is shown in the tabulation for 
1200 tons as $0.90 for labor and $0.62 for supplies or $1.52. Mul- 
tiplying this by 1200 tons, we find the pay roll for these items for ° 
the month amounted to $1080, and the bills for the supplies to 
$744. Therefore, for $1824 we put 1200 tons through these depart- 
ments. 

If, now, our output had fallen to 1000 tons, Pemitah as the 
cost of maintaining these departments is the same, whether we 
put through 1000 or 1500 tons, our cost per ton would have risen 
$0.30 ($1824 divided by 1000 equals $1.82 per ton, less $1.52 
equals $0.30) and we would have lost approximately $300 at the 
plant, to say nothing of the profits on the other 200 tons of ware 
we did not make. 

On the other hand, if we had turned out 1500 tons our cost per 
ton for these operations would have fallen to $1.21, a saving of $0.31 
per ton or $465. Therefore, if we make 1000 tons instead of 1500 
tons we lose about $765 during the month at the plant alone. It 
is very evident why a man who can maintain the quality of the 
ware and at the same time boost the output to the limit at all 
times is always in demand as a superintendent. 

- The two items which rank fifth, drawing and setting, are largely 
a matter of kiln location and yard arrangement. 

Burning has been discussed in connection with coal oe 
Superintendence and finishing, in seventh place, have been touched 
upon in connection with output. 

General labor should be kept as low as possible, inasmuch as it 
is likely to lead to abuses on the part of foremen; and you never 
know just what comprises this item, so that the charge is not 
comparable from month to month. If you require your foremen 
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to enter on each man’s card just what he was doing during the 
day, you have a check on the foreman’s methods, and loss is 
often avoided. Nothing should ever be entered under the head 
of general labor except in the factory office. 

Kiln repair supplies and labor are largely a matter of kiln build- 
ing. A considerable saving can often be effected, however, by 
changing the quality of the fire brick used for repairs and by always 
keeping firmly in mind the old adage that “A stitch in time saves 
nine.” 

The items ninth in importance have been covered in connection 
with output, as have also the tenth, and repairs to buildings 
under eleven. 

Moving clay is largely a matter of proper dumping, conveying 
_and storage facilities. Hauling coal is similarly dependent upon 
mechanical and storage equipment. The cost of hauling ashes 
is governed by the distance the dump is located from the kilns. 
It is a good plan to follow up your cartmen with a stop watch 
occasionally while you are measuring your ashes on a coal test. 
You may not by so doing save a man, but you may save enough 
of his time to keep your yard cleaned up and get a good many odd 
jobs attended to. 


CONCLUSION 


We have indulged in some generalities, and we have covered 
briefly a few specific operations; sometimes it has been necessary 
to sacrifice clearness to brevity. An exhaustive discussion would 
filla good many hundred pages. In summing up, we cannot dwell 
too strongly upon the necessity of mutual trust and co-operation 
between the accounting and operating departments. The super- 
intendent’s problem is to realize what is most vital about a plant 
and then to concentrate on that. Output and quality he must 
keep always before him. Efficiency means these two coupled 
with common sense in labor matters, and if it is not too much to 
ask, a little mechanical ingenuity and on occasion the gift of 
prophecy—and the surest prophecy is grounded upon a study of 
past events as shown by intelligently prepared cost figures. 


A COMMERCIAL METHOD OF TESTING FELDSPAR 


BY J. MINNEMAN, BARBERTON, 0. 
INTRODUCTION 


It had formerly been the custom of the writer to test each in- 
coming car of feldspar by making up a small cone of the sample and 
firing this against a similar cone made from a stock of feldspar 
considered as a standard. The writer understands that this 
method is a common one both with feldspar grinders and potters. 
By this method very little variation was noticed between any 
shipments, though at times it seemed as though there was some 
variation, judging frem the action of the ware in the kilns. 

As samples of new feldspars were received from different min- 
ers these were tested in the same manner. Upon examination of 
the analyses of these new samples, and a calculation of their approx- 
imate mineral compositions, it seemed that a wider variation in 
deformation temperatures should be expected than was found by 
this method of testing. The mineral compositions also showed 
much greater quartz contents than were expected; and knowing 
that rather large variations in the quartz content of a feldspar 
make but slight changes in the deformation temperatures, up to 
a given quartz content, the following trials were undertaken to 
determine this point definitely. 


EXPERIMENTAL PART 


Discussion of Samples. Four different feldspars were tested, 
coming from various parts of the country and representing fairly 
well the various types of feldspars on the American market. 

Sample A. A feldspar from Sagadahoc County, Maine, oc- 
curring as a pegmatite made up of microcline and a darker colored 
albite graphically intergrown with quartz intergrowths varying 
from very small particles, to pieces the size of one’s hand. 

“Sample B. A feldspar from Middlesex County, Conn., occurring 
as a rather fine grained graphic pegmatite made up ui greenish 
microcline and albite intergrown with quartz. 

Sample C. A feldspar from the Province of Ontario, Canada, 


102 A COMMERCIAL METHOD OF TESTING FELDSPAR 


about thirty miles north of Kingston, a pure microcline feldspar 
cut by quartz dykes. 

Sample D. A feldspar from Westchester County, N. Y., oc- 
curring as an irregular pegmatite made up of pink microcline and 
whitish albite intergrown with quartz. 

Analyses. The writer not being in position to make an ultimate 
chemical analysis, the analysis furnished by the miners for the 
respective samples were taken as a basis of calculation. The ul- 
timate analyses are shown in Table I and the calculated approx- 
imate analyses in Table II. 


TABLE I—CHEMICAL COMPOSITIONS OF THE SAMPLES 














A B | Cc D 

Silies.t..(-, Ghig. cee Ue at eee 70.784. .69-68  |\.65:25 50a 00 
BPTI: OX1d6 24. 5 eee ee ee 0.14 0:13 | Prace 
AT MMING eee ee ee eee eee 16.76 16.86 18.68 18.80 
Tie v5 eee a ee ee ee O225 0.29 0.40 0.40 
Magneésiatoi5 ie le ore vere 0.16 0.09 0.23 0.05 
Potash ties nt ee ee ee S13 10.98 13.40 6.20 
Od aio Se oo ele aes eet anaes tae eee, ee Deke 1.66 1.99 3.25 
W ater sha, Ys Gent aut eee eee .80 

99.74 99.69 99.95 100.00 

















TABLE II—APPROXIMATE MINERAL COMPOSITION OF THE SAMPLES 


& 























A A B Cc D 
Cilartigs co aeeneen a. Sak ae eet, | 24.01 | 184951) <- 0907 5] emesend 
Potashaféldsparic. 21. ta eee 49.87 62.41 78.10 35.38 
Soda feldspar, some lime...........| 24.78 17.56 21.44 32.03 
Other ‘constituents... yee, As oe eo 1.60 0.37 4.09 

| 99.76 99.69 99.98 100.00 





Size of Grains. The samples were first tested for fineness by 
washing successively through a 120, 150 and 200-mesh sieve, with 
the results shown in Table III. | 

Making the Tests. Mixtures of the feldspar with flint were now 
made up. Starting with straight feldspar, the flint was increased 
-by increments of 5 percent until 25 percent flint was reached in 


| 
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TABLE III—SIZE OF GRAIN OF SAMPLES 








cour | GRRE Raa parrot a a reread 
percent percent percent percent 
APES AE ass 0.19 0.05 0.65 0.89 
‘ee eaanae 0.23 0.06 0.55 0.84 
Coat ee 0.20 0:15 1.35 70 
Be) Raye eee kN 0.10 P10 4.60 50.8 

















each case. The flint used was furnished by the Ottowa Silica 
Company, Ottowa, Illinois, ground to leave less than 1.5 percent 
on a 200-mesh sieve. The mixtures were made by grinding the 
feldspars and flint together in a mortar with water, until a thor- 
ough mixture was obtained. They were then made up into 
cones similar to the pyrometric cones of commerce. The mixtures 
are designated by letters and. figures as shown in the Table IV. 


TABLE IV—COMPOSITIONS TESTED 











BUEVIGY) SAVE ever adaie <0si6 2 | 100 95 90 85 80 76 
ROTUTIN Tec ces cave oust dvarerarec ats 0 5 10 15 BY 25 
Feldspar A...... A Al A2 A3 A4 Ad 
Feldspar B...... B Bl B2 B3 B4 B5 
Feldspar C...... C Cl C2 C3 C4 C5 
Feldspar D...... D Di D2 D3 D4 D5 




















The trials were fired in a commercial, updraft, potter’s kiln 
against standard pyrometric cones 6, 7 and 8, in a 48-hour burn. 
Figures 1 and 2 show the relative temperatures and deformations 
of the various mixtures. | 

Discussion of Results. It will be seen that there is noticeable 
deformation with all the feldspars when cone 6 is barely started, 
and Sample C, which is practically free from quartz, is almost 
touching at this heat, whereas, Watts! found that with pure micro- 
cline feldspar deformations started at cone 8. It must, however, 
be remembered that Watts was working with a pure potash feld- 
spar, while all these trials contain considerable soda. 

« Series A and B, in which the quartz varies from about 20 to 
40 percent, show a continual decrease in deformation at all heats 





i Trans. A.C..S.,; vol. 14, p. 87. 
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with an increase in quartz. Series D in which the quartz varies 
from 30 to 50 percent shows the same action. Series C, however, 
with from 0 to 25 percent quartz shows no appreciable change in 
deformation until 15 percent quartz is reached; but above this 
there is a decrease in deformation. 

Method of Testing Adopted. ‘The writer has tested shipments 
of feldspar received for several years, bearing in mind these trials, 
and has adopted the following method of testing. 

1. A sample from each car is lawned through several different 
sized sieves, taken as standards; any shipment deviating mate- 
rially from the fineness adopted is rejected. 

2. Cones, of the size and shape of standard pyrometeric cones, 
are made up from the sample of feldspar, together with a given 
amount of flint (from 15 to 20 percent). These cones are fired 
in commercial kilns against cones of a similar mixture made from 
a stock of feldspar considered as a standard. 3 

3. The fired cones are examined for color and the presence of 

black specks. 
_ Where possible, it is advisable to have bin capacity sufficient 
that an incoming car can be unloaded and not used until tests are 
completed. Feldspar grinders are also generally willing to mail a 
sample of feldspar from the car they are shipping a customer, so 
that tests can be finished by the time the car arrives. 

This method of testing is only intended to determine the exist- 
ence of any variation in the feldspar. If a variation in color or 
fusibility is found, the shipment should of course be set aside until 
complete tests are made. In such a case a chemical analysis is 
invaluable when supplemented by a series of deformation trials 
with various mixtures of flint, fired against the standard stock of 
feldspar at different heats. Small batches of the body made with 
the doubtful feldspar should also be fired. When the variation 
is in the quartz content, a correction for this may be made in the 
mix. 

While feldspar grinders do not, as a rule, vary their product 
intentionally, and in fact serious variations are few and far be- 
tween, still, mistakes are sometimes made, and their detection in a 
single case will pay for years of seemingly fruitless testing. 
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CONCLUSIONS 


1. When quartz is added to pure feldspar, very little change 
in the deformation is noticed until about 15 percent quartz is 
reached, after which the deformation is decreased with an increase 
of quartz. 

2..The ordinary method of testing feldspars, by melting a 
small amount of the sample, will not detect variations of from 
5 to 15 percent in the quartz content, although it is evident that 
such a variation would make a considerable difference in the 
ware. 

3. If the quartz content of the feldspar is increased until the 
total amount of the free quartz is 25 percent or more, then any 
additional quartz above this amount is easily noticed when a 
trial cone is fired against one containing this fixed amount. A 
decrease of quartz would likewise be noticed. 

4. Contrary to the common opinion that the presence of quartz 
in feldspar is not permissible; the greater part of the feldspar on the 
American market contains a considerable amount of free quartz.? 

5. The purchaser of feldspar containing a considerable amount 
of free quartz is liable to encounter considerable variation in the 
quartz content, due to variable sorting of the crude material, and 
in. addition is paying for a certain amount of quartz at the feld- 
spar price. 

6. Any variation in color or fusibility which would affect the 
ware will be found by the method of testing described above. 

7. When any variation is found, the more complete tests men- 
tioned should be carried through. 


DISCUSSIONS SUBMITTED AFTER READING THE PAPER 


Mr. Watts: I have read with much interest the paper which Mr. 
Minneman presents, and feel that in the main his method is very 
good; but it lacks the ability to furnish data on the actual opera- 
~ tion of the feldspars for pottery mixtures. While the information 
as to the relative deformation temperatures of feldspars is exceed- 
ingly valuable as a means of comparing different feldspars, the 
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manufacturer is very much more interested in the operation of a 
feldspar in a pottery mixture; and for that reason, it appears to 
me that this process would be much more valuable if to it were 
added the testing of mixtures of these feldspars with standard 
amounts of clay and flint. No feldspar is used in the industries 
with additions of flint only; and the data on the deformation tem- 
perature of feldspar with quartz additions is apt to be misleading, 
without the trials made up in commercial mixtures. 

The point which I desire particularly to raise regarding this 
article of Mr. Minneman’s is the temperature of deformation 
which he gives us on these four representative feldspars. Mr. 
Minneman finds that a Maine feldspar containing 24 percent 
quartz begins to deform below cone 6 and a mixture of this feld- 
spar plus quartz having a norm composition of 60 percent feldspar 
and 40 percent quartz deforms ahead of cone 8. 

I have just. completed tests of about thirty Maine feldspars, 
which I took from the deposits in that state during the past year. 
I have been unable to find a feldspar, which in any way approaches 
the composition set down by Mr. Minneman, deform below cone 
7. In the purest possible state in which I could obtain it and 
with the quartz content that is normal to these feldspars, the 
majority of them deform slightly higher than cone 8. Other users 
of feldspar bear me out in this statement; and I feel certain that 
there must be a conflict between Mr. Minneman’s data and the 
universal experience of others if he can make a Maine feldspar 
containing 24 percent of free quartz deform below the deforming 
temperature of cone 6. 

Regarding the Connecticut feldspars, I have sampled every work- 
able deposit now open in the state of Connecticut and have just 
completed tests on same, and find that, of the feldspars which in 
any way approach the composition set forth by Mr. Minneman, 
none begin to deform until cone 6 has touched the plate. This 
data is on the pure feldspar; and the addition of quartz to feldspars 
of this type does not materially reduce the deformation tempera- - 
ture, but merely affects the rate of deformation. The feldspars 
that are commercially ground in Connecticut do not, in my ex- 
perience, deform at lower temperature than cone 8. 

Regarding the Canadian feldspar, which Mr. Minneman re- 
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ports as deforming slightly ahead of cone 6, I would say that I 
have never been able to get such a feldspar from Ontario, Canada, 
and I used feldspars of that district for about six years on an 
extensive commercial scale. The Canadian feldspars are generally 
agreed to deform slightly above cone 7 and probably nearer cone 
7h. Thissis a feldspar from Ontario which analyses 3 percent 
soda as compared with Mr. Minneman’s analysis which shows 1.99 
percent of soda. 

The foregoing indicates to me that the discrepancy between 
Mr. Minneman’s data and the data of every one else who has 
worked on these feldspars must be due either to the cones which 
he is using as standards or to the method which he employs in 
the firing of the kilns in which the tests were made. It hardly 
seems possible that the method of firing of any ordinary potter’s ° 
kiln in which the burning period does not exceed 48 hours could 
cause a discrepancy of one to two cones in the deforming temper- 
ature of these commercial feldspars. 

Mr. Minneman: In regard to the method of testing, I have 
not attempted to recommend this method as a safe method of 
testing different kinds of feldspars to determine which is the better 
for the potter to use, as it would seem from Mr. Watts’ discus- 
sion; though I agree with him that in this connection it would be 
quite valuable, supplemented by actual body mixes. 

I do, however, claim that this method of testing each shipment 
of feldspar will tell the purchaser what he wants to know. The 
potter using a certain feldspar from a certain miner should know 
whether the incoming shipment is the same as the last, or as the 
feldspar he had last year. The property which is most apt to 
vary and which is the most serious in case of variation is the fus- 
ibility, and I find that in testing feldspar with an addition of 
flint this variation in fusibility is easily detected. To add small 
amounts of clay to the mixture would be of no avail except to 
harden the mixture, making it more difficult to determine the 
fusibility or deformation, for I do not know of anyone who has 
observed an eutectic between clay and feldspar. 

I do not find it satisfactory to test feldspar by making the 
sample up into the body mix itself, owing to the fact that small 
variations in the vitrification of a body are very difficult to detect 
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with the eye, though they may be quite serious in the extremes 
of the heat range of the kilns. 

As to the discrepancy in the deformation temperatures cited 
by Mr. Watts between my data and the “data of everyone else,” 
I have not been able to find any published data with the excep- 
tion of an article by Mr. Watts in Volume XIV, on the deformation 
of feldspar. However, considerable work has been done on the 
melting points of feldspars; probably the most recent and reliable 
being that of Day and Allen from the Geological Laboratory of 
the Carnegie Institute.’ | 

In determining the melting point Mr. Day and Mr. Allen found 
the temperature at which heat was absorbed by the sample of 
feldspar being tested, when changing from the crystalline to the 
’ amorphous condition. When a sample of orthoclase feldspar was 
heated for 100 minutes the change began at 1135°C. (cone 01) and 
was complete at 1275°C. (cone 7), being then melted (in the 
- amorphous state). When heated more slowly, 160 minutes, the 
change was complete at 1200°C. (cone 33). In melting a sample 
of orthoclase from Mitchell County, North Carolina, they found 
the sample to be sufficiently softened at 1150°C. (cone 1) to be 
deformed under a slight continued pressure, and at 1225°C. (cone 
5) to be completely amorphous. When a feldspar of this type, in 
its purest form, is sufficiently softened at the temperature of 
cone 1 to be deformed under a slight pressure, when heated for 
a short time only, it seems strange to me that Mr. Watts should 
see no natural deformation before cone 8 when firing for a long 
time. 
~ In regard to the opinions of feldspar users, I find that many 
potters test feldspar by making a cone whose base is about equal 
to the heighth, these are fired on a level slab, and consequently 
no deformation is evident until a much higher temperature is 
reached. : 

Mr. Watts’ experience to the contrary, I have repeatedly taken 
trials of the Canadian feldspar C and the Maine feldspar A from 
different shipments and fired them in a number of different com- 
mercial burns, varying from 48 to 55 hours against standard 
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pyrometric cones taken from various lots and have invariably 
found the cone of the Canadian feldspar to be touching the plate 
when cone 7 showed no sign of deformation, and the cone of the 
Maine feldspar touching at the first sign of deformation of cone 7. 

There is no doubt that a difference exists between the heat 
action of a commercial kiln and that of a laboratory test kiln, for 
this point has been repeatedly reported. I have made a number 
of deformation tests in these feldspars in a laboratory test kiln 
in which cone 4. was reached in about two hours and cone 7 in 
four hours. I found that as a general thing the deformation 
points of the feldspars were raised about one cone above that found 
in our commerial kilns. But even in this test kiln I find the Maine 
feldspar begins to deform slightly above cone 7 and the Canadian 
somewhat below cone 7. 


A SIMPLE GRAPHIC METHOD OF RECORDING THE 
' OPERATIONS OF KILNS 


BY F.. H. | RIDDLE 


Maximum production is the great desire of most manufacturers 
and is of vital importance where the margin of profits is small, 
as in most branches of the clay business. In most cases, partic- 
ularly in the older factories, it will be found that one department 
is holding back the rest and that processes are unbalanced. In 
a good many cases this is the fault of not having machinery of 
great enough capacity and can be righted only by an investment 
of considerable money for new machinery. When, however, the 
trouble seems to be in the management of the burning, a proper 
system of kiln records is a great aid in overcoming such lack of 
co-ordination. 

On single yards with a good many kilns, it is important to have 
simple records so that the superintendent, manager and head 
burner can tell what is going on. If the head office of a company 
operating several factories is at a considerable distance from the 
plants, it is especially important to have proper daily reports 
that will make it possible for the office to know what is going on 
and, if things are not as they should be, why. 

If reports keep coming in that the shop is shut down—“ Out of 
kiln room,” it will appear that the factory has not sufficient kilns 
to keep up with the inside processes. This will be especially 
obvious if any reports come to the office stating the time the kilns 
were on fire and showing that the burning time is normal. If the 
burning time is shown to be too long, it is evident that the kiln 
capacity can be increased by shortening the time of burning. 
Again, in a good many yards, two or even three kilns will be ready 
to draw at once, and can not be, because there are not enough 
men in the drawing crew. The next week the pay roll of this 
factory will show that the drawing crew was laid off because there 
were no cool kilns. How many companies:can look in the factory 
report books and tell, not only how long the kilns burned, but 
also how long they took to cool? Finally a report that shows idle 
kilns is well worthy of study. 
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The methods shown here have been used in several cases on 
large and small shops, both brick and hollow ware, and in a num- 
ber of instances have shown how the production on those partic- 
ular yards could be increased, and later were increased. 

The charts are ruled similar to co-ordinate paper, the squares 
being made from one quarter to one-half inch in size. This may 
be as the user wishes and is governed chiefly by the number of 
kilns and size of paper used. The scheme will prove most satis- 
factory by having each horizontal line used for one kiln with its 
number on the left, and each vertical column representing a day 
of the month. A chart for six kilns for the month of March would 
have thirty-one vertical spaces, one for each day, and preferably 
nine horizontal spaces, six for the kilns, one for the days of the 
month, and the two lower spaces for the number of kilns drawn 
and set each day. The latter are more essential on sewer pipe 
yards with kiln capacity large enough to require the setting of two 
or more kilns a day. See charts. 

It is hardly necessary to explain the charts as they simply rep- 
resent the daily operations of each kiln. ‘‘S’’ means kiln being 
set; “F’’, being fired; “‘C’”’ cooling; ‘“D” being drawn. Large 
black spots show the kiln was idle that day; small circled spots, 
or red spots, show idle kilns on Sundays or holidays. Many other 
symbols can be used to advantage, and if the squares are large 
enough, little notes entered. It is convenient to show the size 
of ware with which the kilns are set, particularly sewer pipe kilns, 
as this tells how long the kiln ought to burn. ‘This is best shown 
in small figures the day the kiln is set or on the first day of firing. 
See Chart I. The last day of burning, it is well to mark in the time 
the kiln was finished and the temperature reached. See Chart II. 
In showing the firing, a good way is not to mark ‘“F” but the 
number of days the kiln has been burning. When wanting to 
know when he can ship a lot of 24s, the man in the office can look 
at the chart, find the kiln that has them in and tell at a glance how 
many days it has been on fire. It is then easy to figure when the 
kiln can be drawn. 

In making the charts, it is well to show Sundays by heavy ruling, 
red ink, or some similar method. There is some excuse for idle 
kilns on Sunday if the chart shows that they are idle during set- 
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FG. 3. 
IDEAL AND ACTUAL OPERATIONS IN A DRY-PRESS BAICKVARD 
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ting or drawing on a yard where it takes a couple of days for each, 
as Chart III, but with sewer pipe this can be lessened consid- 
erably. See Chart I on the 9th and 15th. 

Chart I represents operations on a fourteen kiln sewer pipe yard 
and shows a very good month’s run, but it is doubtful if many 
yards could operate as this shows. Note the daily drawing and 
setting columns. They show, for the most part, that every other 
day two kilns were set and that two were drawn on each alternate 
day. This would mean that a shifting crew would have to draw 
a kiln one day and set another the next day. See the 12th. It 
shows two kilns drawn and two set while there was only one of 
each on the 10th. 

Chart II represents a fourteen kiln, paving block plant, kiln 
rotation. Note that there are twenty-four idle week days and 
twenty-three idle Sundays. One of these kilns can be turned 
over in about twenty-five days, so that there could be another 
kiln of ware turned out, provided the shop capacity was great 
enough. A glance at the daily drawing and setting record shows 
that the crews worked every day so that it would be necessary 
to help these crews. 

Chart III shows operations of the kilns on a four kiln, face 
brick, yard. The upper part shows a chart made at the first of 
the month and filled in for the entire month as the manager would 
like the burning to go if possible. The lower chart shows the 
actual operations on the yard as entered each day. This method 
is useful, for it helps every one to look ahead and gives the burner 
something to try to live up to. In starting each month, it is 
necessary to enter the record for the first day as the kilns actually 
are. 

If the chart is used with no desire to improve operations, but 
merely as a record, it will be found very useful and easy to keep, 
and the entire month’s work can be shown in a small not2 book. 
If records such as those described are kept for several months 
on a poorly operated yard, it is surprising what an improvement 
can be made. 


THE EFFECT OF ZINC IN UNDERGLAZE COLORS CON. 
TAINING CHROMIUM 


BY FORREST K. PENCE, OHIO STATE UNIVERSITY 


The subject of this note was suggested by a statement by 
Heubach! in which the inference is made that the green developed 
by chromium in an underglaze stain is not destroyed by the pres- 
ence of zinc in the stain, as it is by zinc in the glaze. 

All stains were thoroughly mixed by grinding dry in a ball mill. 

The first series made consisted of zinc oxide and chromium 
oxide alone, the effect of any other material being thus eliminated. 
The stains of this series were calcined at cone 9. The compositions 
and results are indicated in Table I. 


TABLE I—STAINS 























aeae Ae ee SS ean | Ma COLORS OF FINELY POWDERED STAIN 
1 1.0); 4.0} 81 | 608 | Dark green in 1. 
2 1.0.) 320: Sly 11456) is 
3 4.0| 7.0| 81 | 266 t Changing gradually to light green with 
4. 2.0.1 31002 Sl mies | brown tint in 5. 
5 4.0 | 5.0 | 8144. 190 
6 1.0} 1.0] 81 | 152 | Light brownish green tending to gray. 
7 4.0} 3.0| 81 | 116 | Dark gray or light chocolate brown. 
8 260s) sO se St 76 | Color very similar to 7. 
9 4.0 |e ACOM SST 38 | Color very similar to 7. 





It is seen that the influence of zinc is early asserted, and at a 
molecular ratio of 4 ZnO to 3 Cr.O3, the green is entirely overcome. 
A further increase in ZnO does not change the quality of the color. 

It was desired to construct a series which would contain the 
various elements which might normally enter into the composition 
of an underglaze stain. The series selected was calcined at 
cone 2. The series and results are given in Table II. 

It is noted in the series that the green color disappears at a 
ratio of approximately 20 ZnO to 1.0 Cr,03. This ratio is seen to 


iTrans. AvC.S., Vol way peo, 


EFFECT OF. ZINC IN UNDERGLAZE COLORS 119 


TABLE II—GLAZES 





EQUIVALENTS PARTS 














STAIN - g E 3 COLOR OF FINELY POWDERED 
NO. 7 Vero l we a STAIN 
dae O le) eesi is 
e/Sigis) ¢ | 2 al2as|2/8 
; Sid/4/a] BH eOThOrs Late 
10 1.00.8/2.0) 0.75 152) 81.5 |120) 93) Green, medium shade. 
11 |0.5/1.00.8/2.0| 0.75 | 40.5 (152) 81.5 |120) 93; Medium green, slight 


» brown tint. 
120 93) Similar to 11 except 
lighter in shade. 


12 |1.01.00.82.0) 0.75 | 81.0 |152 


Co 
pea 
Or 


13 1.51.00.82.0) 0.75 |121.5 |152| 81.5 |120| 93} Gray, with tint of 
green. 
14 2.0/1.00.82.0| 0.75 {162.0 |152) 81.5 /120| 93) Gray, with decided tint 
of pink. 


15 |2.5/11.010.8/2.0) 0.75 |202.5 |152) 81.5 |120) 93) Decided pink, of gray- 
ish quality. 

16 |3.01.00.8|2.0) 0.75 [243.0 |152) 81.5 |120) 93) Similar to 15 only of 
' stronger or more pro- 
nounced shade. 

17 |3.5/1.010.8/2.0| 0.75 [283.5 |152| 81.5 |120| 93) Similar to 16 only 
. strength of color is 
somewhat increased. 
18 |4.0/1.010.8/2.0) 0.75 (824.0 (152) 81.5 {120 93! Similar to 18 with 
. | | strength of color 
somewhat reduced. 
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be somewhat greater than that required in the preceding series, as 
would be expected from the influence of other elements present. 
The nature of the color produced is quite different tending to 
brown in the former series and grayish pink in the latter. There 
was no apparent tendency toward the tan brown often seen in 
glazes which contain zinc and chromium and which is set forth 
in Bryan’s study.2 The zinc appears to be as active in its effect 
in the stain as it is in the glaze. In fact the green color of the 
stain is overcome with a relatively less proportion of ZnO to CreOs 
than is required to bring about this result in the glaze. However, 
a much higher equivalent of Cr.O3 is present in the series of stains 
given than was used in Bryan’s series of glazes. 
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This study is not purported to be exhaustive, but some observa- 
tions may be made: 

1. It is demonstrated that the color effect of zinc upon chromium 
in underglaze stains is similar to the action of the same in glazes. 

2. The tint or quality of color obtained is determined by the 
composition of the stain. This indicates that the change in color 
obtained is the result of the formation of one or more compounds 
into which zinc and chromium enter and that the different com- 
pounds have their characteristic tints. 


DISCUSSION 


Prof. Parmelee: I would like to ask Professor Pence whether 
he is familiar with the observations made by Dr. Petrick, a few 
years ago in regard to obtaining pink by the use of chromium and 
zinc? 

Prof. Pence: I have seen the references to pink obtained by 
chromium in connection with alumina. ; 

Mr. Heubach: In regard to that chromium-zinc pink I would 
like to say I produced that same color, but I had a small amount 
of chromium,.it was something similar to the chromium-aluminum 
pink. 

Prof. Parmelee: Dr. Petrick drew attention to that to illus- 
trate his point that the pink was due to physical causes rather 
than chemical combinations. 

Mr. Watts: It was either last year or year before that I cited 
a number of chromium-alumina colors, and I recollect that I 
included in those tests and reported that I got my best pinks by 
a small addition of zine to the chrome-alumina colors. Those 
were merely the powders used as under-glaze colors. 


NOTES SUBMITTED AFTER READING THE PAPER 


Mr. Heubach: I am glad that Professor Pence took up this 
work, and I hope he will carry it one step further by using these 
stains as underglaze colors and as coloring matter in glazes. I 
am inclined to believe that he will then get a somewhat larger 
range of green colors. 
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The statement which I made last year about the influence of 
zine oxide on chromium stains was not very clear. It was not 
meant to refer to the color of the stains as such, but rather to 
the color which these stains will produce in and under the glaze. 
My experience with zinc in connection with chromium is rather 
limited, otherwise I would have used more definite terms in my 
statement than I did. 

Some time ago, I tried to produce the typical zinc-chromium 
browns, in glazes which did not contain zinc, by the use of chrom- 
ium-zine stains. I simply added about five per cent of these 
stains to the glaze. I did not go to the extremes however, and 
that may account for the fact that the resulting glazes were dis- 
tinctly green. Unfortunately, I did not preserve the records of 
these experiments; and, therefore, I cannot give any figures. 

At the time, I was surprised at the results; but itis quite likely 
that these stains were not stable and that the glaze dissolved the 
zinc. The resulting glaze would then contain zinc; but unless a 
large amount of stain was used, the zinc content of the glaze would 
not be high enough to affect the green color. This is an inference 
of which I am not certain; and I should, therefore, like to see 
Professor Pence cover this point in his investigation. My exper- 
iments were made with glassy glazes and with barium mats, neither 
of them containing any zinc. 

I have never done any systematic work along this line, but I 
have used zine oxide in stains at different times. One stain, 
which I used quite extensively in terra cotta glazes, contains 
zinc and chromium in the proportion 2 ZnO to 1 CrO3. The 
color of this stain is a clean green, it gives a good green under 
the glaze as well as in the glaze. This shows that the ratio of 
zinc to chromium in a stain does not in itself justify any conclu- 
sions, if other materials are present. The nature as well as the 
amount of the other materials has a decided influence on the color. 
For instance, Professor Pence’s stain No. 14, which comes closest 
to the stain referred to above, as far as the ratio of ZnO and CreO3 
is concerned, contains approximately 25 per cent of zinc oxide 
and 25 per cent of chromium oxide with 50 per cent other materials. 
My stain contains 37 per cent each of zinc and chromium and 
only 26 per cent other materals. His stain is gray with a pink 
tint, my stain is distinctly green. 
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The same applies to glazes. In Mr. Bryan’s study,* we find 
a ratio of 5 ZnO :1 CreOs in his glazes No. 22 and No. 34, yet No. 
22 is green and No. 34 is brown. Again, if we compare his glazes 
No. 31 and No. 34, No. 34 with a ratio of 5 ZnO :°1 CroOs is 
brown, while No. 31 with a ratio of 20 ZnO : 1 CreQs is green. 

I stated last year that I produced these same brown tints in 
alumina mats. Professor Pence, on the other hand, states that 
he was able to produce green colors in alumina mats. I do not 
doubt his statement in the least. This is where another very im- 
portant factor comes in—the kiln treatment. Undoubtedly, Pro- 
fessor Pence worked under different conditions; and I made the 
mistake, which, by the way, is quite common in publications of 
this kind, of not stating clearly the conditions under which I had 
obtained my results. It may be well, perhaps, to state now that 
the glazes> to which I was referring were burned in a 120 hour’s: 
burn and cooled in approximately 120 hours. 

Mr. Humphrey called attention® to the importance of the dura- 
tion of the burn, and I will cite an example later in which the cool- 
ing brought out a change in color. | 

As another illustration that alumina does produce brown colors 
in glazes under certain conditions, I will cite an experiment with 
a glossy glaze. I produced a fritted glaze one time which gave 
very nice green colors with chromium stains, but it was too fusible. 
In order to make it more refractory, I increased the alumina and 
the silica gradually, keeping the RO constant. All went well up 
to a certain point but from that point on, the greens changed 
rapidly to browns. It may be stated that chromium oxide, used 
as such, changed to brown much earlier, i.e., at a lower alumina 
content, than the chromium stains did. The glazes did not con- 
tain any zink. Since the only variation in this case was with the 
silica and alumina and since silica, as far as I know, does not affect 
the chromium colors, we must conclude that the alumina is 
responsible for the change of color. 

Chromium stains will not give green colors in vitrified clay 





‘Trans A. CS av Ol cape 
° Trans. A.C. Si vole xiv; pads? 
° Trans) Al Cy) Ole xem lee. 


EFFECT OF ZINC IN UNDERGLAZE COLORS 235 


bodies, unless they are burnt under reducing conditions, which 
also indicates-the effect of alumina on chromium colors.? 

I will also state that I noticed a similar influence on chromium 
colors in glazes high in magnesia, although in this case the effect 
is not so pronounced as in the case of zinc oralumina. ‘This effect 
of magnesia is shown in Dr. Buttner’s article on “‘The Role of 
Chromium Trioxide in Glazes.’’? In his experiments he grad- 
ually replaced lead by zine and the alkaline earths; and while the 
color changes from different shades of reds directly to green with 
lime and barium, the zine changed the color to decided CuO 
and magnesia also gives brownish tints. 

The fact that I found zinc, alumina, and magnesia very ser- 
viceable in the production of high temperature pinks, leads me to 
believe that these pinks and the various chromium browns are 
due to the same cause. 

Although there are a number of phenomena which seem to 
justify the assumption that we are dealing with compounds into 
which chromium and either zinc, alumina or magnesia enter, I am 
inclined to take Mr. Bryan’s view, i.e. that it is merely a question 
of oxidation. I will cite a few experiments which seem to support 
this view. 

I had some rather interesting experiences with chromium colors 
which were burnt under reducing conditions. A high-temperature 
alumina mat, with a small addition of chromium oxide, applied 
to a flat tile and burned under strongly. reducing conditions, gave 
a very nice bronze-green. The same glaze, applied to ornamental 
p:eces and burned under exactly the same conditions, came out 
the same green in the lower portions, while the raised parts showed 
a delicate brown. This, by the way, gives a very good imitation 
of tarnished or weathered bronze. We might assume the forma- 
tion of some chrome-alumina compound in this case; but my 
theory is oxidation on cooling, for why did the brown not form on 
the flat tile or on the lower parts of the ornament? 

Another experiment will illustrate this oxidation on cooling 
more clearly. When experimenting with high-temperature (cone 


7 Compare this statement with Purdy rans. ALC. Se volkexry, Pp. 267. 
8 Sprechsaal, 1911, No. 46. 
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12 to 14) underglaze colors on feldspar porcelain, I used a glaze of 
the Seger-formula type and of no special merit. In the course of 
the investigation, I used a mixture of 85 percent of this glaze and 
15 percent of chromium oxide as an underglaze color. The same 
base glaze was applied over it, and the trial burned in a commercial 
porcelain kiln under strongly reducing conditions. The result 
was a nice chromium green underglaze. At about the same time, 
a few pieces of porcelain came to my attention which carried 
some decorations in a beautiful tan-brown, which looked as ten- 
der as underglaze colors on porcelain usually do. Knowing 
from experience how difficult it was to produce a good brown 
under the glaze at porcelain heat, I began to speculate how this 
color was produced. I remembered my observation of the brown 
on the raised parts of the pieces with the cone 9 alumina mat, and 
it occurred to me that this color might have been applied over the 
glaze and then the piece had been refired at porcelain glost heat. 

I used the same mixture of 15 chromium oxide and 85 glaze, 
applied it on a burnt piece which carried the same glaze as that 
used in the color mixture, and burnt it in a porcelain kiln to cone 
13 under the same reducing conditions as the green underglaze 
color had gone through. The result was a beautiful tan-brown. 
The color had sunk into the glaze and resembled an underglaze 
color in appearance. ; 

Now, in this case, we have a glaze which contains no zine and 
no excessive amount of either alumina or magnesia. The burn- 
ing conditions were exactly the same in both cases, and yet when 
applied over the glaze it gives a tan-brown. With no difference 
in composition and no difference in burning, the color change must 
be brought about during the cooling-process. During the burning, 
oxidation is prevented in either case on account of the reducing 
conditions.. During the cooling, the stain under the glaze is pro- 
tected from oxidation by the glaze and a green color results, but 
the overglaze color is oxidized, producing a tan brown. 

I report these experiments merely in an effort to throw some 
light on the problems involved. They are by no means conclusive, 
however, and there are quite a number of points which need fur- 
ther investigation before we may hope to understand these phe- 
nomena thoroughly. 


HYDROUS SILICATES FORMED UNDER STEAM 
PRESSURE 


BY S. E. BARRINGER, SCHENECTADY, N. Y. 


INTRODUCTION 


Some eight or nine years ago the writer carried on an extended 
investigation towards determining the value of hydrous silicates 
for purposes of electrical insulation. Silicates of various bases 
were investigated and also the use of various steam pressures, 
impregnation processes, varying degrees of fineness of material, 
etc. Notes covering some of this work are now presented to the 
Society with the hope that they may be of general interest to 
ceramic engineers. 

_ Experiments with mixtures of hydrous calcium silicates devel- 
oped the compound described in U. 8. Patent No. 1,009,630, 
granted to the author, November 21, 1911. 

For the best results for certain purposes of electrical insulation, 
it was found that a high percentage of silicate was desirable in 
the finished product and also that an inert fibrous material, as 
asbestos, was necessary for purposes of mechanical strength. 
‘Such a compound may be secured by the following mixture: 


30 Parts Slaked Lime 
1) ee lint or Silex 
25 ‘“ Asbestos Fiber 


100 Parts. 


These ingredients are mixed with the aid of suitable apparatus, 
the prepared compound compressed to the desired form in steel 
dies in hydraulic presses, lever presses, etc., and the pressed pieces 
are then dried, subjected to steam pressure, again dried and are 
then ready for use. Some of the many designs into which such 
a compound may be formed are shown in the accompanying cut, 
Figure 1. 
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‘ 





Fig. I 
EFFECT OF VARYING STEAM PRESSURE 


While developing this material an investigation of the effect of 
varying steam pressure was made with results as shown in the 
following paragraph. 

To note the effect of varying steam pressure, freshly pressed, 
rectangular pieces, 3 in. by 175 in. by 2 in. of the above compound 
were dried at 120°C. over a hot plate, then placed in an autoclave 
and subjected to a six-hour treatment under different steam pres- 
sures. After being hardened the pieces were dried over night on 
a hot plate at 200°C. The results of the test are tabulated in 
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Table 1, three samples being used for determination of disruptive 
- strength and transverse strength and one sample for absorption. 


























TABLE 1 
STEAM TEMPERATURE TRANS- 
NUMBER as ea, Tel gegitad q | AVERAGE ie ae re 
SQ. INCH Deg. F. Deg. C. North ee LOAD SoU 
| lbs. 
91105 105 4017 ec 17 oe 16200 210 20.8 
22400* | 210 
22200* | 210 210 
91120 120 24007.) 1765 17200 230 20.8 
19400 220 
22200 223 224 
91135 135 358.0 | 181.0 | 21900*| 185 20.0 
22200* | 246 
23000* | 259 230 
91150 150 365.0 | 185.0 | 22700*| 230 20.9 
23800* | 216 
23300 225 224 
91175 175 Br6-7 | 198-5 + 22600" | 250 21.4 
| 23000* | 200 
21900* | 238 229 
91200 200. 387.5 197.5 23500* 237 22.1 
~ 23500 245 
23800 236 239 
91225 225 BOL te en 2700". 240 21.4 
23800* | 190 
24500* | 207 212 
91255 255 40728) 2208-5). 222000* | 215 DL 
23000* | 230 
22500* | . 220 222 
91285 285 APT OT aO i 22700" |. 235 22.9 
23300* | 239 
21600* | 237 237 
91335 335 ABV 6) (222.0). .22200* |. 235 22.9 
93300* | 239 
| 21600* | 237 237 
9160-S 60 432.1 | 222.25 12600 65 
(super|heated stieam) 14800 82 
14100 75 74 




















* Arced over 
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The puncturing voltage was made on ? inch thickness and deter- 
mined between terminals 0.100 inch in diameter. The transverse 
strength was made with supports 25 inches apart, load applied 
in centre, breaking area 2 in. by 13 in. The absorption was deter- 
mined by weighing dry, weighing after soaking 24 hours and noting 
percentage of gain in weight. 

From these tests, it is evident that the same results are not 
obtainable by using low pressure and steam superheated to the 
temperature corresponding to. 335 lbs. pressure as with 335 lbs. 
pressure, or even with 105 lbs. pressure. Even could superheated 
steam be used its economy is questionable. 

A uniformly good product in all respects appears to be obtained 
at 135 lbs. per square inch, but this seems to be the dividing line 
below which poor results are likely to occur, and above which the 
products are uniformly strong and of good insulating value. To 
allow a margin of safety, in order to always be sure of a properly 
hardened product, a pressure of at least 150 lbs. per square inch, 
has been set as the working pressure for steam hardened products 
made in the factory. 


EXPERIMENTS TO ASCERTAIN THE INFLUENCE OF STEAM PRES- 
SURE UPON OTHER BASES THAN LIME 


A general investigation was made with a view to ascertaining 
whether there were other oxides or hydrates than those of lime, 
which could be made to combine with silica under the influence of 
steam pressure. 

Mixtures of bauxite and flint and of limonite and flint failed to 
give any indication of chemical combination. 

A mixture of 40 parts brucite and 60 parts flint hardened prac- 
tically to the extent of the lime-silica combination and a hydrous 
magnesium silicate had probably been formed. The product was 
hard and dense. 

A mixture of manganite and flint likewise gave a hard, stony 
product. . 

An attempt was made to obtain an iron silicate by using a mix- 
ture of precipitated ferric hydrate and flint. The flint, 45 grams, 
and the same quantity of ferric chloride, were ground together in 
an iron mortar to 30-mesh. To this yellow powder was added 
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45 cc. of ammonium hydroxide, which precipitated the iron, giv- 
ing a dark red paste. This paste was allowed to stand one hour, 
when 20 grams of asbestos were added, and then molded into 
small briquettes and dried over a hot plate. The mixture did not 
dry very quickly, the salts present seeming to retain water. The 
briquettes were then placed in an autoclave and treated to steam 
pressure at 200 lbs. per square inch for six hours. After this 
treatment, there was no signs of combination, the briquettes hav- 
ing lost all shape and the mass having no hardness. 

The following mixtures were made by mixing the ingredients 
dry, moistening, pressing, drying and subjecting to 150 Ibs. steam 
pressure for four hours: 


44 465 46 
leseselalyaaled m hiige be Koel ( Cid och) ance ae ie ee ae 36 a fe 
Barium Monoxide (Anhydr. Pure).......... 36 mifct 
Chromium Hydrate (Merck) ive. .00525.. a 36 
lint (09.3 8103) a iso ee eG sa oe 54 54 54 
Me SDeRCOS TI LCD eeRin teiohy 71g SA WAS «SiS sla eee aes 10 10 10 

100 100 100 


Nos. 44 and 45 showed hardness in spots as though there had 
been partial combination. No. 46 showed no change over the dried 
condition before steaming. 

The possibility of securing zinc and strontium silicates was then 
tried and also the possibility of securing a,silicate from some oxide 
of hydrate which would give a colored silicate instead of the light 
colored ones, which had been obtained from lime and magnesia 
and which might also be expected from zinc and strontium. 
This series of tests was as follows; the amount of asbestos being 
kept low to facilitate the hand preparation: 


BO ZATCAOKICO™ . ikcca esis 8 dove Br OOmeAOne UE Inbar vc. see es es 60 
LOLS OA Ge blero Oe a 54 Cupric oxidé (Bik)i A272... 40 
S. W. Asbestos........ 10 100 

100 
OA OCrOneLum, ORIG si. sates. cs melee Ge 8 Miia erat nas etauetors 60 
alin Gree PG Ss at as SR ans Cuprous oxide (red)....... 40 
Vee ASDESLOS sacs ducs oon 10 100 

100 
TSE IMG AOS orn ees eC nS OOmes oS SH Lintaer es Oe us ee 60 
ADB ATE Othe en ewet. < Irae eae 40 Nickel oxide (green)....... 40 


100 100 
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For these compositions the dry ingredients were mixed in a bottle 
mixer for several hours, dampened and pressed into cylindrical 
pieces about 1 inch in diameter by 1 inch long, with a $-inch hole 
through the center. On dampening 34 for pressing, the mixture 
grew quite warm, no doubt resulting from the hydration of the 
strontium oxide. Number 34 pressed slightly harder than 33. 
The briquettes were dried over a hot plate five hours, treated in 
the autoclave for six hours at 200 pe 225 lbs. per square inch 
(20030): 

In 40, 41 and 42, evidently there had been no reaction or com- 
bination, the resulting pieces being soft and easily broken apart 
between the fingers. 

Number 34 cracked. Not very hard and easily broken in the 
fingers. 

Number 33 a hard, stone-like product, gray in color. Combi- 
nation undoubtedly effected. 

Number 39. In the case of litharge a very hard stone-like prod- 
uct had been formed and the color had changed from the ordinary 
buff color, given the pieces before hardening by the litharge, to 
a stone-gray color not unlike the lime and zinc silicates. 


COMPARISON OF HYDROUS-SILICATES OF LIME, MAGNESIA, ZINC 
AND LEAD < 


To ascertain what marked differences there might be in these 
silicates, which it had been demonstrated could be formed by 
steam pressure, the following series of mixtures was made: 


36 37 38 43 
Ca(OH ae. OOS ONT Sn OBIE Os ee ter pee 
MgO (heavy)...... ... 36 ...(80-mesh) 
LnO vs Gee eee eee 36 ee 
$1): Papeete es 54 54 54(150-mesh) 54 
S. W. Asbestos..... 10 10 10 10 
PbO, voehae eee eee ae ee 36 (80-mesh) 
100 100 100 100 


The mixtures were weighed out dry (using 1000 gm. batches) 
and rolled in a stoneware jar mixer, with cylindrical oak blocks, 
for three hours, insuring a very intimate mixture of the ingredients. 
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The mixtures were then moistened to the proper consistency for 
pressing, an effort being made to get as nearly the same consist- 
ency as possible. In 38 the lumps were more difficult to break 
up than in 36, 37 and 43. The last were easily pulverized. After 
dampening and mixing by hand, the mixtures were again put in 
a jar mixer and rolled for half an hour, which broke up the lumps 
fairly well. The weight of each batch after wetting and mixing 
was as follows: _ | 


Grams Grams 
GORA Ts viv la hoe Uh 6 as Ifa BS, eee Ne: Le emp Re EN 2 OEE At OGG od 1152 
SL ARMIN Mea sas Ls le kegs i Oe UG ee 7 Ei ge a Ne UM nete Woe an 1120 


From this it would be noted that the lighter bases, giving the 
more bulky masses, require a little more water for bringing to 
standard consistency. The prepared mixtures were then pressed 
into small rectangular pieces 3 in. by 1§ in. by 2in. Nos. 36 and 
37 required about equal weight to give the proper density, while 
a little greater weight was required with 38. The approximate 
ratio of weights required to press the pieces was as follows: 


Grams 
EU OT Ca Ts ll Coc 2 ae Es a APN MT ge a 48 
SUSI 3 uty gh Ae Er ISRO Cp RTON EA ee Rola een PCa Itc Se eM aaa en ean 61 
LIES asian ty stipe Se cian chi ea WRIA NE) OS CER MER SBE Ae aa A a 80 


The pieces were dried in an electric oven, raising the heat to 
about 85°C. and allowing the pieces to remain in the oven over 
night. Some of the pieces were weighed when thoroughly dried, 
so that upon obtaining the weight after the compounds had been 
hardened and dried, the gain or loss in weight, due to the chemical 
reaction in the hardening cylinder, could be noted. A preliminary 
test of 38 was made at 185 to 190°C. for two and a half hours, 
upon which treatment the compound partially hardened. It was 
not a very strong product, but evidently reaction had partially 
taken place. 

The dried pieces were placed in an autoclave and treated at 
185 to 187°C. (150 to 160 lbs. per sq. in.) for six hours. The tem- 
perature was held at almost exactly 187°C. during four hours of 
the run. The pieces were cooled in the autoclave over night and 
removed: in the morning. Nos. 36, 38 and 48 were hard, solid, 
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stone-like masses, gray in color. No. 37 was hard, but badly 
warped and cracked, and the color was slightly pinkish.! 

The hardened pieces were dried in an electric oven for six hours 
at 260 to 280°C. No. 38 had a harder ring when struck than No. 
36. To No. 37 there was no ring; mixture was rather punky. 

By this very crude method of weighing the dried pieces before 
hardening, hardening as described, then drying and again weighing, 
the amount of water taken into combination was roughly ascer- 
tained, and upon the basis of such tests the silicates formed in 
the various instances were computed to be approximately as 


follows: : 
CaO SiO: 0.54 H.O 
MgO SiO, 0.45 H.O 
ZnO SiO, 0.05 H.O 


The litharge-flint mixture showed no gain, but on the other 
hand a slight loss as shown below: 





Grams 

Weight.dry, before hardening 4cs.4 2.0 ee eee 72,746 
Weight after being hardened and dried.................... 72,593 
| 20053 


Upon samples of the various mixtures tests were made for 
mechanical strength, disruptive voltage and absorption. ‘The 
results are tabulated in Table 2. Sui 

Transverse tests were made with supports 24 inches apart and 
the load applied in the center. 

From this data it is seen that the lime silicate has the highest 
disruptive strength and is thus to be preferred for electrical in- 
sulating purposes. The highest mechanical strength also falls to 
the calcium silicate. The lowest absorption is shown by the mag- 
nesium silicate, with zine and lead silicates both low as compared 
with the lime compound. 

The tests were reliable as far as the calcium, zinc and lead sili- 
cates were concerned, since very satisfactory, stone-like products 
were obtained, but the results upon the magnesium silicate are 
somewhat open to question through the presence of defects in 
the finished piece. Subsequently it was determined that this was 





1 The warping and cracking of the magnesia compound was probably due to hydration 
of the oxide in the cylinder and consequent expansion and disruption of the mass. 
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TABLE 2 
xo. cr a ae ecinc roca [eUimy ee. |) Aesonerios 
36-A 0.374 by 1.525 145 22300 
20100 
36-B 0.380 by 1.530 115 24500 
22900 
36-C 0.378 by 1.524 170 21200 
20700 
36-D 0.373 by 1.526 117 19500 
20100 
(Average) 
2h 36 0.376 by 1.526 137 21412 280 
37-A 0.373 by 1.533 129 14200 
10300 | 
37-B 0.368 by 1.53 105 10900 © 
11400 
37-C 0.368 by 1.53 90 12000 
13100 
37-D 0.370 by 1.53 130 9200 
10900 
(Average) 
eer 0.369 by 1.53 113.5 11500 Co 
38-A 0.370 by 1.519 70 12000 
13600 
38-B 0.370 by 1.521 93 13600 
13100 
38-C 0.369 by 1.521 86 13600 
14700 
38-D 0.370 by 1.521 92 16400 
(Average) 
38 0.370 by 1.521 85.25 13962 13.6 
43-A 0.408 by 1.56 115 13000 
16200 
43-B 0.399 by 1.56 135 16000 
17800 
43-C 0.411 by 1.57 108 17200 
. 13900 
43-D 0.403 by 1.57 140 15200 
18600 
(Average) 
43 0.405 by 1.565 124.5 17237 12.5 
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due to hydration of magnesia during the hardening. To insure 
fully hydrated material it was found necessary to treat the mag- 
nesia or magnesium hydrate in the steam cylinder for several 
hours. This preliminary treatment or exposure to steam pressure 
gives a thoroughly hydrated material from which perfect pieces 
may be obtained. 

The absence of gain in eae shown i in the lead silicate after 
hardening is of interest and worth separate investigation. 


USE OF ACETATES INSTEAD OF OXIDES OR HYDRATES 


According to C. de la Roche, in his French patent 361886, No- 
vember 4, 1905, sandstone that would be rejected in the ordinary 
course, owing to insufficient strength, can be hardened by 

(1) Saturating with milk of lime or with a solution in acetic 
acid of lime, magnesia or aluminum. 

(2) Subjecting to high pressure steam in an autoclave, as in the 
sand-lime-brick process. Where the lime, magnesia, or aluminum 
is added in the form of acetate, the acetic acid is expelled as soon 
as the pressure inside the autoclave reaches from two to three 
atmospheres, 115 to 120°C., with formation of true silicates. The 
acid dissolves in the water which condenses inside the autoclave 
and is recombined with lime, magnesia or aluminum, in a recep- 
tacle constructed for the purpose in the bottom of the steaming 
chamber. 

The application of the process of substituting acetate of lime 
for slaked lime in the ordinary sand-lime-brick process constitutes 
another portion of the same: invention. 

For the purpose of investigating the value of acetate in this 
connection, as well as ferric hydrate, the following compositions 
were made up: 


; 50 61 52 58 
Freshly pptd. Fe(OH)s...... it Sa aa BG De RO a seence' aya ia alee ae eee . 
Pb acetate Pb(CiltsOs)s) semen. bere ae yy 52.0 Ly Fen ce eee 
Mg Sf = Meo (CalicOo\ a tee sce sees 74.1 Sat ew ee ae 
Cu ou (C2H302), what alias aie tebe Nw tatty, ae Sure Gelte te Bl =a Gn kel eur) A Ne Beeve omnes 300 
Flint, 30. 4 eee ee 54 54 54 54 
S. W. Asbestos: 22.2. see eee 10 10 10 10 
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In making these mixtures the amount of acetate was calculated 
which would give approximately 36 parts of the oxide. The 
salts were used in 60-mesh fineness. The mixtures were rolled in 
a jar mixer about one hour and then pressed into small cylindrical 
pieces. Nos. 50 and 51 pressed easily. No. 52 became sticky 
and was very troublesome to press, the acetate solution making 
the die parts very sticky and gummy after pressing several pieces. 
No. 53 gave no trouble in pressing. All the mixtures were air 
dried over night and then over hot plate, with gas turned low, for 
about 24 hours. They were then transferred to the autoclave, 
and the pressure was slowly raised to 150 to 160 lbs. per sq. in. 
and maintained for about 6 hours. The resulting masses were 
soft and swollen much beyond the original size. No. 53 had 
changed to a red color from the original green. All the pieces could 
easily be crumbled in the fingers and apparently there had been 
no reaction among the ingredients. The test pieces were then 
heated in an electric oven to 160°C., at which temperature No. 
50 was unaffected, No. 51 had swollen slightly, No. 52 was dis- 
torted, puffed up, and No. 58 was apparently unaffected. Nos. 
50 and 53 were still very soft, Nos. 51 and 52 were slightly hard- 
ened. 

A second test was made on samples dried over hot plate about 
24 hours, and in the second test the pieces were subjected to 225 
Ibs. per sq. in. for about 1% hours. The results were the same as 
before—none of the materials hard, but showing swelling and 
distortion. No. 50 was again red. 

It might be that by impregnating a,previously steam-hardened 
silicate compound with acetate of magnesia or calcium or a heavy 
base, as lead or zinc, then again subjecting to steam pressure, that 
the compound might be improved by the formation of additional 
silicate throughout the mass, or the formation of hydrate in the 
pores of the compound, rendering the mass stronger and more 
impervious. With this idea, pieces of the calcium silicate com- 
pound previously mentioned in these notes were soaked in con- 
centrated solutions of lead and magnesium acetates, the compound 
first having been thoroughly dried. After 3 hours immersion 
in the warm solution and having been allowed to remain in the 
cold solution 45 hours, the pieces were transferred from the solu- 
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tions of the autoclave, together with two untreated pieces, and 
subjected to about 185 lbs. pressure for about 2 hours. On re- 
moval, all looked very much alike, except that those soaked in 
lead acetate were cracked, as from inside expansion. The samples 
were all dried over the hot plate. The absorption test of 24 hours 
gave the following results: 


Percent 
Calcium. Silicate, untreated ooo cyte ese i ee 21.0 
Calcium Silicate treated with Pb acetate.......... te hee see eee 16.5 
Calcium Silicate treated with Mg acetate................. 0.00.00 e eee 19.2 


Tests were made to determine the possibility of using acetates 
of aluminum, calcium, and iron for the formation of silicates. 
For this test the following mixtures were made up, calculating 
acetate sufficient to give approximately 36 parts of the oxide: 


64 56 56 
Aluminum acetate; Al (C2H300)s. ek ve ee 144 
Calcium acetate?Ca(C5B7O7 sieve ee ee 101 Vv 
Iron‘ acetates He(C,H.O3) hye ee eee ae 105 
Pin ty er eek hd Awl eee eee 54 54 54 
Sic Ws Asbestoas g ciac.cn! sete s eee men tae ee eee oe acta 10 10 10 


The ingredients were weighed out, mixed dry in a ball mixer 
about 1$ hours, and then pressed into small cylindrical pieces. 
No. 51 pressed very well, No. 52 was very sticky and-quité diffi- 
cult to release from the mold; No. 53 was not as sticky as No. 
52, but enough so to be troublesome in molding. 

One sample from each mixture was placed in the autoclave after 
drying over night, and subjected to 150 lbs. for about 83 hours. 
After the treatment No. 54 was broken apart. It was soft and 
crumbled easily in the fingers. No. 55 was swollen and spongy 
and very soft. In No. 56 there was no swelling or cracking, and 
it was not as soft as the others, but nevertheless could be easily 
broken in the fingers. The color of No. 56 was medium brown 
outside and red inside. 

A second test was run on these mixtures, the pieces having air 
dried for about one week, by subjecting them to 200 to 225 Ibs. 
per sq. in. for six hours. After this test it was found that 54 and 
56 had retained shape, but No. 55 had swollen and was a soft, 
puffed-up mass. No. 54 was quite soft. While No. 56 was firm 
and not easily crumbled, it was far from being a hard product. 
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TREATMENT OF CALCIUM SILICATE-ASBESTOS COMPOUND WITH 
ACETATE SOLUTIONS 


Pieces 3 in. by 13 in. by 2 in., made of standard calcium silicate- 
asbestos compound, were numbered and weighed dry (having 
been dried five hours over steam plate), and were then soaked in 
acetate solutions and again steamed treated, dried and absorption 
tests made. . 

In Table 3 are given in the first column the number of the samples, 
in the second the solution used, in the third column the weight of 
the dry test piece of No. 91 compound before treating in acetate 
solution, in the fourth column the weight of the test piece after soak- 
ing in acetate solution for 48 hours, then subjected to steam pres- 
sure at 150 to 160 lbs. per square inch for 6 hours, then drying on 
hot plate for 7 hours; in the fifth column is given the weight of 
the test pieces which had been treated with acetate solution, 
steamed and dried, and then soaked in water for 64 hours; in the 
sixth column the gain in weight by immersion is shown; and in the 
seventh column the percentage of absorption. 























TABLE 31 
A (untreated), } 41.25: 0... 51.00 9.75 23.6 
B (untreated) AOU plas ean: 50.25 9.75 24.0 
1 Pb acetate 41.50 44.0 S2aLo 8.75 19.8 
2 Pb acetate 41.50 44.0 var es 8.75 19.8 
3 Al acetate 41.25 40.0 50.00 10.00 25.0 
4 Al acetate 41.00 40.0 50.00 10.00 25.0 
5 Ca acetate 40.00 41.0 49.75 8.75 21.3 
6 Ca acetate 41 .00 41.5 50.00 8.50 20.4 
76 Cu acetate 41.00 41.0 50.00 9.00 21.9 
8 Cu acetate 42.00 42.0 50.50 8.50 20.2 
9 Mg acetate 40.00 A325 50.00 6275 15.6 
10 Mg acetate 41.00 42.25 50.00 LitO 18.3 
11 Fe acetate 42.50 41.25 50.00 8.75 Zee 
12 Fe acetate 41.50 40.50 49.75 9.25 228 





1 For explanation of this table see text. 


From the table it will be noted that with the lead and magnesium 
acetates there was gain in weight by the treatment of impregnat- 
ing the piece with the solution, then steaming. With copper ace- 
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tate there was no gain, and with the acetates of iron and aluminum 
there was a slight loss. There was a slight gain with calcium ace- 
tate. The absorption tests showed less absorption after the treat- 
ment with lead and magnesium acetates than with the untreated 
samples. The absorption was higher after the treatment with 
aluminum acetate, and a trifle lower after treatment with the ace- 
tate of calcium, copper and iron. 

The test pieces, after drying on the hot plate again for 7 hours, 
were sent to the testing laboratory for determination of puncturing 
voltage and cross breaking strength, with the result that none 
were foufid as strong or as good in insulation value as the untreated 
samples, as shown in Tables 4 and 5: 


TABLE 4.—PUNCTURING VOLTAGE 














MARK THICKNESS AVERAGE VOLTS PER MIL. 
Fee ti oan: Seely ML ie Bh 0.367 171.6 
Bee) ce Gee a 0.366 218.3. 
Lag eles ee ae geen 0.367 130.5 
ERO E ole  F 0.366 147.3 
Bh Fea ee ae Ra 0.367 1772 
£5, RANE: a eelennee 0.365 172.0 
Bea es eetee 0.363 | 132.4 
epee ee NL Oo! 0.370 89.3 
Drala te LNG De eae 0.365 183.1 
Meee me gee Ko « 0.364 176.0 
Q Wi aes eine 0.362 74.6 
10s odorant ee a 0.362 74.6 
TRAN Re RENAN LENKA & 0.364 107.2 
10 a ee eee 0.360 150.0 





With reference to Tables 4 and 5, it is significant that the highest 
insulation is found in the pieces which showed the greatest gain 
in weight after the acetate treatment, as in Nos. 1 and 2 with the 
lead acetate, and 9 and 10 with the magnesium acetate, also in 
5 and 6 with the calcium acetate. In the matter of strength, 
amongst the acetate treated samples there is no very substantial 
difference, but all the acetate treated samples are considerably 
weaker than the untreated samples. | 

From these tests, it seems evident that the treatment with 
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TABLE 5.—TRANSVERSE STRENGTH 
Two and one-half inches between supports ~ 

















DIMENSIONS OF SECTION 
MARK ae = = Be urna ae 

Depth Width 

inches inches 
As 0.368 12507 160 
Be 0.369 1.508 175 
(hs Se Gea 0..367 1.510 133 
es NA aR aN ae 0.367 1.512 127 
MRR As So ete 0.367 1.509 125 
RS rest ee ee 0.365 1eoia 125 
LE Se eae De ghee 0.365 1.510 125 
Ome ee (ot na cease 0.366 1.510 155 
(SS ete he 0.367 1.507 130 
Bt hes HS ead ee 0.368 1.510 130 
ES htahien Grane eaves 0.363 toro 132 
LOS eet cat 0.362 1.508 110 
Pie Seki sea ee 0.364 1.508 136 
Aa cree ame. ee ees 0.362 1.508 116 








acetates, as suggested by de la Roche, is of little value in better- 
ing the properties of calcium silicate compounds, but, on the other 
hand, gives an inferior product in strength and insulation value, 


and in some cases in porosity. 


THE PRODUCTION OF A PINK VITRIFIED FLOOR TILE! 
BY RALPH HEIDINGSFELD 


INTRODUCTION 


The experiment about to be described is the outcome of a prob- 
lem which confronted a tile company a year ago. The company 
for a long time had been using buff and white combinations of 
tiles for borders etc., but had several calls for pink and white 
blends. The temperature at which the tile body vitrified was 
cone 11, so that the problem really confronting us was the produc- 
tion of a pink which would not fade at high temperatures. 


EXPERIMENTAL PART 
FIRST SERIES 
Preparation of Stains. The mixtures shown in Tables I and II 


were made and calcined in fire clay crucibles at cone 11, in a com- 
mercial kiln. The burn lasted eighty hours. 
























































TABLE I 
NGOs Rites 52 53 54 55 56 57 58 59 60 61 
| | 5 
ResOse ya aia 3 Anwar aS 6 bg 8 9 10 
AlsOn. ee S0 80 80 80 80 | 80 80 80 80 80 
CrOs...5) 197; 18.4 17 16 15 14 13 12 11 10 
TABLE II | 
INGE ores 62 63 64 65 66 67 68 §9 70 71 
zs \ = Gz 
Fe,03: eal 2 3 Ae eres 6 7 8 9 10 
AEOs ee oO 90 90 90 |-30 | 90 O05 | £90 a 90 90 
CrsO, ee 8 TG 5 4 3 2 1 0 
































Preparation of Bodies. These mixtures were ground dry and 3 
percent and 10 percent of each was mixed with the-following body: 


1 Experimental work done in the Ceramic Laboratory of Rutgers College, New Bruns- 
wick, N. J. 
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Percent 
TS ATR a 2 BO ee 64 
CG OD Lhe ee ere mee HCE MP Re Ee Oe Bec eb ek es 5 
Peto CCite Mian mere ye. acy SoMa d a fei Sipe ad ale aes 3% 
co Ss 
ores HG Gcove aica plete rete nthe She ote macs «5 31 


This body contained 7.5 percent of mechanically mixed water, 
so that a 10 percent of color sample contained 10 percent of color, 
82.5 per cent of body and 7.5 percent of water. 

These mixtures were pressed into tile by the dry-press process 
and burned to cone 11, in a commercial kiln. The duration of. 
the burn was eighty hours. 

Results. The results are shown in Table III. These results 
are for the 10 percent of color samples, for the 3 percent proved 
to be too small a quantity. 









































TABLE III 
| 
52 53 54 | 55 56 57 58 59 60 61 
——____-__—_—_| Drab |__| tto_ | Light | Drab ———-————____—> 
62 63 64 | 65 66 67 68 |, 69 70 71 
| 
Pink Pink |<—Sal mon ee Yellow to Cream ~————— 





























No. 62 was the best pink and proved to be very eertactors for 
a light shade of that color. 


SECOND SERIES 


Preparation of Stains and Bodies. ‘The second part of this ex- 
periment was carried out for the purpose of darkening the colors 
in the preceding part and with the hope that a red might be ob- 
tained. Five percent of Ca3(PO.)2 was added to each of the mix- 
tures in Tables I and II, in place of an equivalent percent of 
Al,O3, as shown in Tables IV and V. 

These mixtures underwent the same identical process as those 
preceding; and the results were the same, except that in all cases 
the colors were a much darker shade. 
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TABLE IV y 
INOSoxcuse cre ao 72 73 74 75 76 ade 78 79 80 81 
FeO; iarenoke seis al 2 3 4 5 6 ye 8 9 10 
yh @ aa 75 75 75 75 75 (65) 75 15 Toad 
CrsOgee se cae 19 18 Le 16 15 14 13 12 LEP 10 

TABLE V 
INOtEarAseatetetroces 82 83 84 85 86 | 87 88 89 90 9b 
FeO; eae 1. | PRS beng oa? 1 Ga eG ete eet ames an Omen 
AO stern 85 85 85 85 895 85 | 85 85 85 | 85 
Caz(PO.)s... i) 9) 5 o Die RO 5 5 5 5) 
Cr2O3 Diced oo 1o85 9 8 7 6 5 4 3 2 1 0 



































Results. Number 82 was the nearest approach to a red; and 
when the light shown through, a ruby lustre resulted, but when 
one looked at it against a back ground, it was a color resembling 
old rose. 

The mixture containing 9 percent of Cr.O3, 90 percent of Al2Os, 
1 percent Fe2,O3, seemed to be the best pink; and, as the Cr.Os in- 
creased, the mixtures became darker, while a decrease of Cr2O3 gave 
lighter shades. Hence 9 percent of CreO3 seemed to be the point 
at which the conditions were just right for the formation of a 
pink. 

It is very difficult to say just what part the iron plays in the 
formation of this pink; but it was shown that it increased the 
intensity of the color, because in a sample containing 10 percent 
Cr.O3 and 90 percent Al,O3 a pink resulted, but its intensity was not 
as great as the one with thé 1 percent of Fe.O3, 9 percent of CreO3 
and 90 percent of Al,O3 


DISCUSSION WRITTEN AFTER READING THE PAPER 


Mr. E. E. Rand: Mr. Heidingsfeld has taken as the basis for 
his stain one similar to what is known as a spinel color, which is 


recognized as a very suitable form for under glaze color or body 
stain. 
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The stains are very similar in composition to those produced 
by Mr. Watts in his investigation on the production of a pink 
under glaze color. He obtained a good pink from a stain of the - 
following composition: 90.53 percent Al,O3, 9.47 percent Cr.O3. 
It will be noted that this is very close in composition to No. 62 
(Mr. Heidingsfeld’s best light pink) except in the case of iron, 
which is lacking in Watts’ stain. By calcining the latter to cone 
18 a pinkish gray powder was obtained. No. 62 was calcined to 
cone 11, at which temperature a pink powder probably resulted, 
for though the colcr of the stain was not given, it-was presumably 
like that of the burned floor tile, only darker. 

In this case the iron does not appear to act solely as a colorant, 
since in Watts’ stain pink was obtained without it. Evidently the 
iron, though small amount, acts as flux, by means of which the 
color was brought about at cone 11, instead of cone 18. 

From Watts’ results, it would seem that the problem was not 
the production of a pink which would stand high temperatures 
since without the use of a softening flux the color did not develop 
below cone 18, but changed to purplish gray at cone 22. 

The use of boric acid does not seem to reduce the temperature 
at which the pink appears. Watts obtained a pink from the fol- 
lowing stain: 83.62 percent Al,O3, 9.54 Cr.O3, 7.04 B2O3 but it also — 
was calcined to cone 18. | 

No. 82 (the best dark pink) is identical in composition to No. 
62, except the Ca3(POx.)2 substitution. It is difficult to determine 
the way in which the Ca3(POx)2 produces a darker shade. It prob- 
ably acts as a flux and therefore brings out a dark pink at cone 
11, which would have been produced without its use at a higher 
temperature. 

As to the part played by the iron aside from its fluxing action, 
it is probable that it remains in the ferric form (for if the stain is 
burned under reducing conditions a green results, according to 
Watts); if present in the ferric form it would naturally intensify 
the pink color; and if present in the ferrous form it would tend 
to darken the color present. 


FELDSPAR AND A DEFORMATION STUDY OF SOME FELD- 
SPAR AND FELDSPAR-QUARTZ MIXTURES! 


BY ARTHUR 8S.. WATTS 
ORIGIN AND CLASSIFICATION 


Origin. Feldspars are alumino-silicates of alkalies and are very 
common minerals, being prominent constituents of most igneous 
rocks. As all igneous rocks have been forced to the earth’s surface 
in a more or less molten state, cooling and crystallization have 
taken place under widely varying conditions, hence the size of 
crystals and the uniformity of crystallization vary greatly. This 
is of special importance in reference to feldspars since they are 
rarely found in the pure state, but generally are crystallized in- 
timately with other silicates. Only when the crystallization is 
very coarse or the various minerals of the original magma have 
segregated into independent masses, is it possible to separate the 
feldspar in a sufficiently pure state for commercial uses. | 

Classification. Feldspars may be divided according to their al- 
kali constituent into four distinct classes, viz., 

Potash feldspars, known as microcline or orthoclase, KAISi;03 

Soda feldspar, known as albite, NaAI1Si;03 

Lime feldspar, known as anorthite, CaAl,Si.O3 

Barium feldspar, known as celsian, BaAl,Si.Og 

In nature these minerals are rarely found in the pure state but 
generally occur as intimately crystallized masses of two or more 
different feldspars. Some of the feldspars apparently combine 
forming homogeneous crystals of definite composition while others 
merely occur as isomorphous mixtures. 

Iddings? reports the following varieties as having been recog- 
nized: 

Soda-orthoclase, (KNa)AISi30: 

Plagioclase or lime-soda feldspar series, n(NaAISi303) 

m(CaA1.8i.0) 

Hyalophane or barium-potash feldspar, n (KAISi308) 

m(BaAl.Si,Og) 


1 By permission of the Director, United States Bureau of Mines. 
2 Iddings’ Rock Minerals, p. 205. 
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In the plagiolcase series the ratio of soda feldspar to lime feldspar 

may vary from (six molecules soda feldspar) to 

(one molecule lime feldspar) 
(one molecule soda feldspar) 
(six molecules lime feldspar) Soda-lime feldspars containing less 
tean 1:6 ratio are classified with the pure feldspar which they 
approach. ; 

The hyalophane series is classified by Rosenbusch? as such bar- 
ium-potash feldspars as contain between 7.8 and 16.4 percent 
BaO. Those potash-feldspars which contain barium in quantity 
less than 7.5 percent are called orthoclase, and those which contain 
barium in quantity greater than 16.4 percent are classed as celsian. 

Potash Feldspars. This class of feldspar is found in nature in 
two forms, viz.; microcline, which is the chief constituent of the 
ordinary feldspar of commerce, and orthoclase, whichis less frequently 
met with, although until recently the microcline of commerce 
has gone by this name. The error has however been of 
no industrial importance since the chemical composition of these 
two minerals is identical and they differ only in crystalline form 
and in optical properties. 

Microcline, molecular formula, K,O—Al,0;-6S8i0,; percentage 
chemical composition K,O 16.9, Al,O3 18.4, SiO. 64.7; specific grav- 
ity 2.54; hardness 6 to 6.5; crystal system tri-clinic. Its color is 
generally white, grayish yellow, yellow or any shade of red from 
light rose to brick color, the red color being due to finely divided 
iron oxide or hydroxide. It may be green (amazon stone) in 
transmitted light. In thin sections it is colorless. Microline has 
a varying content of Na,O up to 4 percent, and of CaO which sel- 
dom exceeds 0.5 percent. 

Since the microclines which are richest in Na,.O and CaO are 
also mechanically mixed with the largest amounts of albite and 
oligoclase-albite, it is not improbable that Na,O and CaO do not 
belong to the true microcline molecule. As Na,O content in- 
creases in a microcline, the specific gravity increases until with a 
- soda content of 4 percent the specific gravity may reach 2.57. 











3 Rosenbusch’s Mikroskopische Physiographie der Mineralien and Gesteine, Vol. 1, part 2, p. 
309-313. 


° 
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Orthoclase varies in few respects from microcline. It crystal- 
lizes in the monoclinic system but the polysynthetic twinning 
characteristic of microcline may be sub-microscopic and hence not 
apparent. In specific gravity and color, orthoclase is identical 
with microcline. Crystallization, monoclinic; hardness 6. 

Soda Feldspars. This class of feldspar is found in nature in 
two forms, viz: albite, the form ordinarily encountered, and cleave- 
landite, a lamellar variety of albite differing from the latter only 
in massive structure and having identical optical and physical 
properties. 

The molecular formula of albite is Na,O-Al,03;-68i0,.  Per- 
centage composition, Na,O 11.8, Al,O3; 19.4, SiO, 68.8. Specific 
gravity 2.624. Hardness 6 to 6.5. Crystallization, triclinic. Color 
generally white although it may be reddish, greenish, bluish or gray. 
Cleavelandite often displays a bluish tint. In thin section it is 
colorless. 

The Na,O in albite may be replaced by CaO in amounts less 
than 3 percent CaO and retain its name. When the CaO content 
exceeds 3 percent, however, the mineral is classified as a lime-soda 
feldspar, of which there are now recognized a series of five numbers 
between pure albite and pure anorthite. These form the plagio- 
clase subgroup. 

Lime Feldspar. This feldspar is known as anorthite and in its 
pure state occurs only in one form. The molecular formula is 
CaO-Al,03;-28i0.. Percentage composition, CaO 20.1, Al,O3 36.62, 
SiO, 43.28. - Specific gravity 2.758. - Hardness 6 to 6.5. Crystal- 
lization, tri-clinic. Color, white, ee or reddish. Colorless in 
thin sections. 

The CaO in anorthite may be Sen by Na,O in amount ee 
than 1.6 percent Na,O. When the Na,O content exceeds 1.6 
percent, however, the feldspar becomes one of the plagioclase 
subgroup. 

Barium Feldspar. This feldspar is known as celsian and in the 
pure state occurs only in one form. The molecular formula of 
celsian is BaO-Al,O3;-28102. Percentage composition, BaO 41.8, 
Al,O327.2,810232. Specific gravity 3.38. Hardness 6 to 6.5. Crys- 
tallization, monoclinic. Colorless, unless stained by impurities. 

Complex Feldspars. Aside from these four principal feldspars, 
many feldspars occur which contain two basic oxides. 
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Anorthoclase or soda-microcline is a feldspar in which more than 
one-half the potash is replaced by soda. 

Hyalophane is a feldspar in which a portion of the potash is 
replaced by barium. 

Plagioclases are lime-soda feldspars, which are a group of feld- 
spars whose members form a continuous series connecting albite 
and anorthite. 

The above formulae represent only the pure minerals and com- 
binations of two pure minerals. In nature one rarely finds a 
pure feldspar (i.e., one containing but one alkali) in large quantity 
and feldspars consisting of mixtures of but two pure minerals are 
comparatively rare. The manufacturer therefore has little use for 
data based upon the pure minerals except as it can be employed 
to bring about a better understanding of the complex feldspars 
with which he has to deal. 

The feldspars most extensively used in the industries are the 
two forms of potash-feldspars, microcline and orthoclase. The 
chemical compositions and physical properties of these two min- 
erals are identical and for all practical purposes they may be dealt 
with as one mineral, microcline, which is the form generally en- 
countered. In commerce, the term ‘‘potash-feldspar” is used in 
referring to any feldspar in which potassium is the prevailing 
flux, and even though the proportion of potassium is so low as to 
make the chemical composition approach hyalophane or anortho- 
clase, the latter names have never been employed in the industries. 

As indicated in the above list, no series of feldspars occurs in 
nature in which the potash is replaced by lime, and wherever a 
potash feldspar contains any appreciable amount of CaO, it is 
safe to assume that it contains an equal or greater amount of Na,.O, 
the two elements being introduced in one of the plagioclases, which 
is perthitically intergrown in the microcline. 

. Hyalophane is rarely encountered in commercial quantity. 
Barium as a constituent of feldspars is not uncommon, but rarely 
occurs in excess of 0.5 percent, and generally, if present, is in quan- 
tity less than 0.25 percent. Astudy of the action of barium in 
feldspars has not been attempted in connection with this investi- 
gation, since the feldspars of the district contain little or no barium. 
However, it is a matter of record that potash feldspars which con- 
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tain even a small amount of barium display a marked decrease in 
viscosity when fused, as compared with similar feldspars which 
contain no barium. 

Mixtures of microcline and albite or mixtures of microcline and 
albite-rich members of the plagioclase series are the feldspars with 
which the manufacturer has to deal in using the material popularly 
known as “potash feldspar.” . 

In purchasing “‘soda feldspar,” the manufacturer never secures 
pure albite because deposits of pure albite do not exist in com- 
mercial size. The nearest approach to pure albite which is ob- 
tainable in commercial quantity is a feldspar high in soda content 
and relatively low in potash and lime content. 


DEFORMATION STUDY OF POTASH FELDSPAR—SODA FELDSPAR 
MIXTURES 


The impression prevails among users of feldspar that “soda 
feldspar,” or albite is the softest member and “‘ potash feldspar,”’ or 
microcline is the hardest member of a feldspar series and any mix- 
ture of these two will be proportionately hard as the relative con- 
tent of the two extremes, i.e., that the deformation temperature 
of potash-feldspar-soda-feldspar mixtures is supposed to be on a 
straight line with soda-feldspar as the lowest point and potash- 
feldspar as the highest point. A study of a large number of feld- 
- spars containing both potash and soda as fluxes indicated that 
this is not true, but in a study of feldspar analyses there are so 
many slight variables that the exact cause of any particular prop- 
erty is extremely difficult to locate. However, a marked tendency 
was noted, in that, feldspars containing a moderately high con- 
tent of soda and a proportionately low content of potash, deformed 
at lower temperatures than did the relatively pure soda feldspars. 
The following analyses of feldspars arranged in the order of their 
deformation will indicate the point referred to: 
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FELDSPARS CLASSIFIED IN THE ORDER IN WHICH THEY DEFORM 























no. l . NO. 2 NO. 3 
| OS © tee Role amen pe ervey te 0.30 0.10 0.20 
SIO ees hee. 18 ete ae eee 65.40 68.75 68.18 
A Lo Ores eels ee cer ee eee ; 20.70 18.56 20512 
fers @ ees oe Ste ad Cie Par 0.10 0.03 0.05 
CaO) a. eat eee eee 1.60 25 0.85 
MeO) Hee. eet ee sd aseeoe trace trace 0.05 
RaQ ae eer eee ae 6.00 6.85 0.66 
IN do i) oer, eee eee 6.10 4.29 9.38 

100.20 99.83 99.49 





The ordinary conception would lead to the assumption that No. 
3 is the most easily fusible of the three instead of the least fusible 
which it really is. 

In order to prove the existence of a deformation eutectic between 
potash and soda feldspars, a series of mixtures of these two feldspars 
was prepared and deformation studies made. 





Oe ers | H2O | SiOz | AlOs | FexOs | Ti0z | CaO | MgO | K20 | NasO | BaO 





Potash E 
feldspar} 0.50 | 64.3 | 19.64) 0.08 | trace | trace! trace| 14.00) 1.32 | 0.17 
Soda 
feldspar | 0.20 | 68.18] 20.12) 0.05 | trace 
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Neither of the above feldspars are pure type, but instead both 
are mixtures high in the particular feldspar sought. 

Unfortunately, the large feldspar deposits all contain less than 
the theoretical amount of alkali, although the ratio of Al,O3 to 
SiO, is generally very nearly correct if the free quartz present in 
the pegmatite is removed. This shortage of alkali is doubtless 
due to slight alteration of the feldspar, but no information is 
available pointing to the formation of products other than kaolin 
by the weathering of feldspar. To subdivide an ordinary feldspar 
into its possible mineral components by a process of calculation 
based upon its alkali content results in confusion, since an excess 
of Al,O; and SiO. remains after all possible minerals have been 
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deducted. The absence of sufficient combined water makes it im- 
possible to calculate the excess Al,O; into kaolin although the Al,Os3 
must been in other than the free state since none dissolves in hydro- 
chloric acid. 

As the feldspars used in this investigation are to be divided into 
microcline and albite content, the ratio of K,O to Na,O has been 
chosen as the basis of division after that amount has been deducted 
which can be calculated as kaolin, the combined water being used 
as the basis of this latter calculation. The result of this subdivi- 
sion is as follows: 


Potash feldspar = 85 percent microcline — 11.5 albite — 3.5 kaolin. 
Soda feldspar = 4.5 percent microcline — 94.0 albite — 1.5 kaolin. 


The mixtures of these two feldspars used in the investigation 
are as follows: 

















APPROXIMATE NORM CONSTITUTION 
NATURAL MINERALS 
Albite Microcline 
Percent Percent Percent 
Soda feldspar LOU rete 8 tgs oes oh 94 4.5 
Soda feldspar DONE Veta NE lec 5 Agia 16 12:5 
Potash feldspar 10 
Soda feldspar ro lon COIR I SS 1S. SUC re 1.0 21.0 
Potash feldspar 20 
Soda feldspar GO AY ASR TEE PT ey, 69.0 29.0 
Potash leldspars 20 02) 5. ro Sites ve 4 « 
Soda feldspar TUN ent a en 61.0 37.0 
Potash feldspar "A0 mn Sai ee eek ts. 
Soda feldspar LO are Mareen el ek <1, A 53.0 45.0 
LEED C TN (6 SV OTM QET 0 Renee oe Sos 
Soda feldspar BOP re Coe eee E 44.5 53.0 
ote DeLee paler OU5 He 2. vac un aie adc. 
Soda feldspar 1090p ang ea cS APN eC a 36.0 61.0 
aS INCOLGAD Abii c. (UO tehot anise. cen poe: 
Soda feldspar DU Moree Oe aR See ee ee 28 .0 69.0 
OLAS PCLOSDAT 96 OU ie ayo cela tees a tee es 
Soda feldspar LOD io eice earner es: 20.0 77.0 
OURS HELOHR DAL POU Ae 6 suet cronten enh o's « 
Toran sespar 10030 See A 298 .. 1165 85.0 
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Preparation of the Mixtures for Test. These mixtures were all 
pulverized to pass a 200-mesh sieve, dry, and after thorough mix- 
ing in the dry state were made up into plastic masses by a small 
addition of dextrine solution. These plastic masses were molded 
into cones of the same dimensions as the standard pyrometric 
cones of commerce, against which they were tested. The shape 
and size of the standard cones for temperatures up to 1450° have 
been standardized and are three sided pyramids with sides 2% 
inches long and fans 3% inch at the base and ¥5 inch at the top. 
These standard cones melt at relatively exact temperatures under 
exact heating conditions. They are composed of mineral mixtures 
which cause them to behave under fire in a manner more or less 
similar to the feldspars, kaolins and quartzes in the standardiza- 
tion and firing of which they are chiefly used. 


SEGER CONES AND THEIR DEFORMATION TEMPERATURES 


Deformation Deformation 

Cone No. pa Cone No. EAS 
Lhe ah Ro ee 1150 19s. s Bie ee ee eee 1510 
2 ROR eae oc eae 70 20 Be Ee ee ries 30 
Bae set Sac ne Se IN ee Ri ka ae a 90 yA Ie Re re RO i AE Pe. ere) 50 
pS goes APN ben Ay oredr hile? 0 Ns 1210 PIPER ORAS IRN Pp Re PER Oe 5. 70 
i PICe TR MET Ats SUNS Le me cd i Se ROA 30 7 Re A Patt BSP navies 93 90 
Gis ce ees Sere Cee 50 DAY Meee ee EE ee TRS AEE 6 1610 
Lads oF hl Ore hoes ee ae 70 P15 ee en as erm Ata Ls 30 
Seas Seis cen acer eer eee 90 DO apes AR eesti Ons arene ek See eae 50 
©) eR Tiw Nar eos etn eee 1310 DT euins TSAR IN ERE De Eee 70 
LQ), Ras wicker Ne oi ers rere ree ee 30 7 0 BENE CoRR BOMBER Re atin ACE. 90 
Ls ott saad tia weed poe Lee 50 AS ane aie eae hte cree Ae Re iy be AP Sl hy 1710 
VD. ate iP ed Bait Ole) re ee 70 BO iad. btakaed ence ean teat eee 30 
LB i. biogig eats e Ch aD 90 BL Rie Cae cient aan ee 50 
LAs Fs ee ee ee ae ae 1410 BO PAS 3,5 Ne ae Ae OR Sen 70 
LB aves Sake ee ee ee 30 33 ce ee ee ea eee 90 
165.33) We eee ee 50 oT tet panini eS 1810 
17 ski aight an eee 70 B15 gear cet tine ie at cs a ae Na 30 
18 Ae ep 90 BO Baten Gy oe aise ep eae sae 1850 


Results. Figure 1 shows graphically the order and rate of de- 
formation of these potash feldspar-soda feldspar mixtures as com- 
pared with similar properties of standard pyrometric cones Nos. 6, 
7, 8,9 and 10. The percentage composition of the feldspar mix- 
tures are shown along the top of the diagram. The time interval 
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SOME DEFORMATION DATA ON POTASH FELDSPAR-SODA FELDSPAR MIXTURES 


Soda Feliaper 34 | 86 | 775| 69 | 6) | 53 [#45] 36 2A | BO US| 
Potash Feldspa- 4.5 
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and temperature increase, as indicated by deformation of the 
standard cones, are recorded from top to bottom along the left 
border. 

Interpretation of the Diagram. The data here set forth is re- 
markably sharply defined, as regards the end numbers of this 
series, but unfortunately the deformation ranges of the three softest 
members are so nearly the same that a number of checks must be 
made before the eutectic can be established. 

From this preliminary test it appears that a mixture of approx- 
imately 69 percent albite and 29 percent microcline begins to de- 
form and completes the deformation process earlier than any 
other member of the series tested. The time required for- the 
deformation process of this mixture is only half that required for 
a similar deformation process of standard cone 6, the mixture 
starting approximately with cone 6 and being completely deformed 
when cone 6 had only half deformed. 
albite 77.5 ct f albite 44.5 
microcline 21.0 { | microcline 53.0 f 
completely deformed before cone 6 had completed deformation 
The albite used in this study deformed at about the same rate as 
the eutectic mixture but proved to be nearly one cone harder. 
The mixtures containing a higher percentage of microcline than 
the eutectic mixture deform with decreasing rate as the microcline 
content increases until the potash-feldspar end of the series is 
reached and this has a time range of deformation equal to twice that 
of the albite. 

Thus it is shown that high soda content does not indicate low 
deformation temperature. Also, the approximate proportion of 
soda feldspar cannot be determined from deformation studies ex- 
cept by a careful observation of the rate of deformation. 


Mixtures ranging from { 


DEFORMATION STUDY OF FELDSPAR QUARTZ MIXTURES 


One of the most confusing questions which confronts the user 
of feldspar is the extent to which the addition of quartz or free 
silica influences the pyrometric behavior of feldspar. In nature 
quartz is almost invariably associated with feldspar, and in most 
cases a complete separation of the two minerals would be very 
expensive if not impossible. A certain amount of free quartz is 
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therefore very likely to exist in any feldspar purchased in the pul- 
verized state, unless special arrangement was made to have all 
quartz removed from the crude feldspar. In order that a clearer 
understanding may be had of the influence of quartz upon the 
different feldspars as regards deformation behavior, a study was 
made of potash feldspar-quartz mixtures and of soda feldspar- 
quartz mixtures. 

The feldspars used were the same as in the potash feldspar-soda 
feldspar mixtures. These, as heretofore explained, are not pure 
minerals but are as nearly pure as are obtainable in commercial 
quantities. 


DEFORMATION STUDY OF POTASH FELDSPAR-QUARTZ MIXTURES 


Potash feldspar used Quartz used 

181 A a eres a 0.50 Loss on ignition...... 0.11 
ot OP AN aR a ip 8 eke Re See 64.30 Roy eh RR Weta ROBE Puce ie ce es 99.18 
PATS) pevee ttle, ect Rk tay 19.64 POE Vi ee ON EP: an 0.00 
FeO; fate n iret OMe uae ew on ee atone hea ena 0.08 Fe,0; 154 Conte Le ea Cree eee cae ak th SE 0.26 
RIO) os ero, OO rn ete. Sh trace ATO. oR Ue Nee eo eee ae 0.01 
(PNG i 2 Bie ee ae koe ae Ae trace BY OE ots A Gre Sieete laine Seeks ete: 0.01 
1 5 9 Bh, Ah ee ee eet ee trace Jia cs Gs OS ea PE Sc Aa 0.01 
e700) 205 FCTENe SS Gaye Sam Rt piees ee 0.17 99 58 
LES UL Bite phe Nae coe ieee a 14.00 

NazO S ORROOIO: © CREA CREE Ie One Lapy? 

100.01 


The materials were ground to pass 200-mesh screen and mixed 
dry, in the proper proportions, after which the mixtures were 
- made plastic by a small addition of dextrine solution. The various 
mixtures were molded into cones similar in shape and size to the 
standard pyrometric cones of commerce. The proportion of felds- 
spar and quartz in the various mixtures are recorded across the top 
of Figure 2 and the intervals of time and of temperature indicated 
by the deformation of the standard cones are shown from top to 
bottom along the left margin of the diagram. 

According to the data here set forth the mixture of 90 percent 
potash feldspar—l0 percent quartz begins to deform and com- 
pletes deformation before any other mixture and is therefore the 
deformation eutectic of this feldspar and quartz. The intervals 
between the deformation of this mixture and the deformation of 
the mixtures containing 5 percent more or less quartz are so smal! 
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DEFORMATION DATA ON POTASH FELDSPAR -QUARATZ MATUFES 
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Quartz 0 
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that in commerce it would hardly be noted unless carefully watched 
for. The pure feldspar deforms at the same temperature and rate 
as the 95 percent feldspar-5 percent quartz mixture, and only 
when a mixture of 80 percent feldspar-20 percent quartz is reached 
does any noticeable difference appear in the behavior of the cones. 
This mixture is slightly more refractory than the pure feldspar. 
The mixture 65 percent feldspar-35 percent quartz is hardly more 
than $ a cone harder than the pure feldspar. 

Conclusions. Feldspar high in potash and very low in soda con- 
tent is very slightly affected by additions of quartz or flint. Sub- 
stitution of quartz for feldspar up to 20 percent may be made with- 
out materially affecting the temperature at which deformation 
begins or is completed. Substitution of quartz for feldspar up to 
35 percent may be made without affecting the deformation tem-. 
perature more than 4 cone. The foregoing indicates the futility 
of ascertaining the extent to which feldspar contains quartz as an 
adulterant by the deformation test alone. 


DEFORMATION STUDY OF SODA FELDSPAR-QUARTZ MIXTURES 


Soda feldspar used ; Quartz used 
Oreste eo Sc ohare 0.20 OR SRI VOT TLON 18a ees 0.11 
Or as a ee Rae A, 68.18 DIO pie ean bos anes 99.18 
SAN RO Tee So 20.12 fA Oe Mee oe ne en ee 0.00 
Fe.0; CMR OME ot ERR. CE ee mts as ama 0.05 Fe.03 SRE GORE ON: eR 0.26 
SIELIG2 5." ares Oe lied a ae ee trace AiG Pe. athe ca Raving erage RA, ee 0.01 
OPO A Be SON oes a a 0.85 O18 EOI tani Sir bae on rae 0.01 
igre tn ky | OROSw MrOe see eed, 0.01 
EO) Bien Peete terete ds. at) cos 0.66 99 58 
Na,O oh RAP MtMESP rs Bice fh ohicacs as ra fa) Stats ees 9. 38 

99.49 


These materials were ground to pass 200-mesh sieve and mixed 
in the proper proportions in the dry state. A small amount of 
dextrine solution was then added to each mixture and they were 
molded into cones similar in size and shape to the standard pyro- 
metric cones of commerce against which they were to be tested. 

The results of the test follow. The percentages of soda feld- 
spar and quartz in the various mixtures are recorded across the 
top of Figure 3, and the time and the temperature intervals, as 
indicated by the deformation of standard cones, are shown along 
the left margin of the diagram. 
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The above data indicate that soda feldspar is not affected by 
additions of quartz in a manner simiuar to potash feldspar. No 
addition of quartz up to 70 soda feldspar-30 quartz mixture be-. 
gins to deform or completes deformation at a lower temperature 
than pure soda-feldspar. The mixture of 75 soda feldspar-25 
quartz however deforms more quickly after its deformation tem- 
perature is reached than does the pure soda feldspar. The rate 
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of deformation as indicated by time intervals is more rapid with 
soda feldspar, and with all mixtures of soda feldspar and quartz, 
than with potash feldspar or any mixture of potash feldspar and 
quartz. Thus rapid deformation rate in soda feldspar-quartz mix- 
tures may be highly desirable in some glazes where fluidity is 
often desired but in porcelain bodies, this would be a fault since the 
shorter the deformation range the greater the danger of warping. 






























20 Minute latervals 


S 

S 

\ 
N) 
S 
rhb 
>ye 






Bee 





FELDSPAR AND FELDSPAR-QUARTZ MIXTURES 159 
COMMERCIAL POTASH FELDSPAR—QUARTZ MIXTURES 


Another feldspar-quartz study, which falls between the potash 
feldspar and the soda feldspar used in these investigations, is of 
interest here as indicating the possible direction of the curve of 
deformation eutectics between these two extremes. This feldspar 
contains 50 percent more soda feldspar than the potash feldspar 
just studied and is a good average of the feldspar offered for sale 
as potash feldspar. For convenience it will be referred to as 
commercial potash feldspar. 


Analysis of commercial potash feldspar 


1a 0S OU SM rad eRe NA Dn oo ate 0.17 
iGo. cee ce fo cue: 65.37 
TN GUS ea a Ane NETL 1 17.92 
FeO; Dood tee bob Go OOS 0.02 
MC) se he eae CL LTAGES Quartz same as in previously 
CAO ar a ister cee. bea bre presented studies. © 
Wie O ara uate sag eeetert es ans trace 
Ba@ietier (yo oli er ay meee 0.15 
Oey ets ite AAS oct 13.05 
NazO sdstalickalien oivedalielter eset suey fiouceks 2.10 
98.95 


The materials were ground and the mixtures prepared in the 
same manner as the previous feldspar-quartz studies. The stand- 
ard cones against which this series was tested included cones 8 
and 9. The soda feldspar-quartz study was within the range of 
standard cones 6, 7 and 8, and the potash feldspar-quartz study 
was within the range of standard cones 9 and 10. Hence it is 
shown that this feldspar falls between these two although a care- 
ful study reveals the fact that this commercial potash feldspar- 
quartz study more nearly approaches the regular potash feldspar 
study than the soda feldspar-quartz study. 

This study shows that the increase in soda content causes tite 
deformation eutectic to almost disappear and leaves only the rate 
of deformation to indicate that such eutectic exists. The rate 
of deformation of the mixtures is somewhat faster than the pure 
potash feldspar-quartz mixtures but much slower than the pure 
soda feldspar-quartz mixtures. 
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GENERAL CONCLUSIONS ON FELDSPAR-QUARTZ DEFORMATION 
STUDIES 


From these deformation studies it appears that pure potash feld- 
spar may be expected to deform about ‘cone 10, and that 10 per- 
cent replacement by quartz will lower the temperature of deforma- 
tion of the feldspar to a noticeable extent but will not increase 
the rate of deformation. | 

If a small proportion of the potash feldspar is replaced by soda 
feldspar (2 percent NasO), the mixtures with quartz do not in any 
case begin to deform at a lower temperature than the feldspar. 
However, the mixture of 95 percent feldspar and 5 percent quartz 
begins to deform at the same time but completes deformation 
slightly. ahead of the pure feldspar. The mixture of 90 percent 
feldspar and 10 percent quartz begins to deform noticeably after 
the pure feldspar and the 95 percent-5 percent mixture, but com- 
pletes deformation at the same time as the 95 feldspar-5 percent 
quartz mixture. Thus 90 percent potash soda feldspar-10 percent 
quartz mixture has a greater rate of deformation than the potash- 
soda feldspar itself. All mixtures of this feldspar with quartz show 
a tendency to deform more rapidly after deformation begins than 
does the pure feldspar. 

The soda feldspar-quartz mixtures show no evidence of lower de- 
formation temperature than pure soda feldspar, and increases of 
quartz replacement for feldspar in these mixtures increases with 
notable regularity the temperature at which deformation begins. 
The mixture 75 percent soda feldspar-25 percent. quartz deforms 
more rapidly after deformation begins, and all mixtures of soda 
feldspar and quartz as well as pure soda feldspar deform much more 
rapidly after deformation begins than do the potash or potash- 
soda feldspars or any of their mixtures with quartz. 


CAUTION REGARDING INTERPRETATION OF THE ABOVE DATA 


The above data must not be interpreted as indicating that com- 
mercial feldspars containing quartz are of equal value to pure feld- 
spars. Any adulteration by quartz means the necessary use of an 
additional amount of the feldspar-quartz mixture in order to fur- 
nish the necessary feldspar for fluxing purposes. On the other 
hand, the percent quartz content of the body which is added as 
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ground flint must be reduced by the amount of quartz added with 
the feldspar. For example,—a body having the composition 20 
percent feldspar, 35 percent flint and 45 percent clays is to be 
made using a commercial feldspar which contains 80 percent feld- 
spar and 20 percent quartz. In order to introduce the proper 
amount of feldspar, the 20 percent must be considered as 80 per- 
cent of the commercial feldspar, which means that 25 percent of 
commercial feldspar (20 parts feldspar plus 5 parts flint) must be 
used. The 5 percent quartz added with the feldspar must be de- 
ducted from the 35 percent flint in the recipe leaving 30 percent 
flint to be added as such. ‘The actual working recipe of the above 
body would be 25 percent commercial feldspar, 30 percent flint, 
45 percent clays. Thus it is shown that the adulteration of feld- 
spar by quartz does not in any way make the feldspar more active 
in the pottery mixtures unless the mixture contains no flint. 


DISCUSSION 


_ Mr. Watts: The point involved is merely to show the results of 

the mixing of feldspars, i.e., potash and soda, feldspar, in order to 
get the softest mixture of the two; and that, I believe, is sharply 
brought out in the diagrams. 

Mr. Doe: What is the proportion of the softest mixture? 

Mr. Watts: Sixty-nine of albite and twenty-nine of orthoclase. 

Mr. Doe: You could pretty nearly say then 70 to 50 parts of 
albite? 

Mr. Watts: I should say from 70 to 53 parts albite gives you 
the minimum fusibility or the lowest fusibility ; and as you increase 
the soda spar content, you slowly increase the deformation tem- 
perature, but the rate of deformation remains aboutthe same. As 
you increase the potash content, you increase the temperature of 
deformation, but the rate of deformation becomes slower all the 
time. 

Mr. Doe: How are these tiles made, Mr. Watts? 

Mr. Watts: I stated that they are pyrometric cones of those 
materials ground together and mixed with just sufficient dextrine 
to hold them in cone form. They are simple cones made identical 
with the pyrometric cones of commerce. 
~ Mr. Doe: How were they burned? 
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Mr. Watts: They were burned in a muffle furnace, about the 
same kind of furnace as was described by me in last year’s Trans- 
actions; it is a muffle furnace about 12 by 10 by 18 inches. The 
temperature was very evenly distributed throughout; and a period 
of about thirty hours is occupied in reaching the temperature at 
which deformation begins, so that we have practically a uniform 
distribution of heat throughout the muffle. The atmosphere is 
always oxidizing so we have no difficulty from that. 

Mr. Doe: You spoke of the presence of kaolinized material; 
is that actually kaolinized material dr simply alumina and silica? 

Mr. Watts: There is evidence of some kaolinization having 
occurred. We have no known mineral at the present time between 
feldspar and kaolin; that is, we have no mineral established. The 
existance of more or less kaolin—lI prefer to call it kaolinized ma- 
terial— is apparent in the first place owing to the presence of com- 
. bined water; and. that combined water I find checks, in almost 
every instance, with the loss of alkali, indicating that whenever 
the feldspar breaks down, the resultant product takes up water in 
combination. Now, that question is a thesis in itself, and I have - 
not attempted to do anything with it; but the data, so far as pre- 
sented, has shown that the water of combination certainly does ap- 
pear, almost exactly in proportion, with the amount of alkali lost. - 

Mr. Doe: Does that apply to selected samples of feldspar which 
you would obtain in a quarry where they presented no external 
appearance of kaolinization when examined? 

Mr. Watts: Yes, I have never taken any feldspar from the sur- 
face at all. These represent absolutely fresh feldspar, feldspar 
which has in most instances lost very little, if any, of the clear- 
ness of its crystal face. To anyone but a petrographer there 
wouldn’t by any evidence of kaolinization at all, and generally 
the combined water amounts only to 1/2 or 3/4 of 1 percent. If 
you make the test carefully, you will find in every feldspar a cer- 
tain amount of combined water. | 

Prof. Orton: Isn’t it true that in almost every sample of feld- 
spar you look at under the microscope, you can see a cloudy rim 
around the edge of the crystal, showing that the action has begun? 

Mr. Watts: That is true in a great many cases. Where the 
material is ground, the grinding has caused some confusion be- 
cause of the fact that very finely ground material has sometimes 
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been interpreted as kaolinized material, when it really is possibly 
some other very finely divided material. Moreover, the edges of 
feldspar particles are very often found to be scummed over with 
kaolinized material, and for that reason, where we make micro- 
scopic investigation by means of powder, we invariably wash the 
powder with a dilute ammonia solution in order to take in suspen- 
sion this kaolinized material and thus be able to see the feldspar 
in its clearest and best light. So, I think it will be generally agreed 
that there is almost ay a small amount of more or less 
kaolinized materials. 

Prof. Orton: The point I had in mind was this; I have seen slides 
made from perfectly transparent and beautifully crystallized spe- 
cies of feldspar, which to all intents and purpose, as far as one could 
see, were absolutely unaffected by weathering, and yet. when 
viewed in the petrographic microscope, it would be found there 
was a slight difference in tint between the center of the crystal 
and the exterior. You could trace this difference along the mar- 
gins and also along the cleavages running back into the crystal. 
Now, to the unaided eye, it all seems like glass, and there was 
no evidence whatever of breakdown of crystal to the eye; but under 
the petrographic microscope, it was possible to distinguish it. 
These slides had been cut out of the middle of big blocks. The 
petrographer in charge told me at the time that they never ex- 
pected to be able to cut a feldspar crystal without finding some 
slight evidence of alteration, though usually alteration had not 
progressed to the point where there would be dusting off of kao- 
linite or anything approaching it. 

Prof. Parmelee: Were these prepared by grinding with water? 

Prof. Orton: Yes, I suppose they had been ground with water, 
but probably finely polished with rouge. 

Prof. Parmelee: Don’t you think that would introduce a dis- 
turbing factor? 

Prof. Orton: I hardly think it ould explain what was seen. 
The grayness along the cleavages went back into the depths of 
the crystal in such a way that it would. not suggest water ever 
having reached them by surface grinding. 

Mr. Doe: Do you find naturally mixed feldspars deforming as 
artificial mixtures do—relatively, that is? 

Mr. Watts: I will be able to show, in another paper before the 
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Society, exactly comparable results in artificial and natural mix- 
tures of feldspar and quartz. As to whether feldspars deform in 
that way, I cannot say exactly, except that, as I said at the be- 
ginning of this paper, natural mixtures, to the number of about 
thirty, which I have tested all indicate the existence of this same 
deformation eutectic. That was really the clue which caused me 
to make this investigation, the natural mixtures of soda and potash 
feldspars which we find practically follow the same law, and in my 
bulletin for the Bureau of Mines, I propose to correlate those and 
show to what extent they follow this law, but it was impossible 
to do that in this article, owing to the fact that my data is not 
sufficiently complete to make those things thoroughly clear. 

Mr. Doe: What is the reason they don’t close up to 100 percent? 

Mr. Watts: These are mixtures based on the two analyses, that 
is the blending of the two analyses. I have not attempted to show 
the other materials in the analyses. I have not referred to the 
kaolinized material or the free quartz of a very small percent of 
combined water or other minerals. I have included here the es- 
sential minerals, for convenience sake. The details of chemical 
composition are given in the body of the paper. 

Mr. Mayer: I think that Mr. Watts has given us a valuable 
paper. When youwere making these experiments, did younotice 
the effect of color? Thereisa difficulty in albite; itis avery difficult 
thing to get a sample of albite that you can use successfully, on 
account of the color. Did you notice how the color in those soft 
mixtures compared with that of potash feldspar? 

Mr. Watts: Yes, the potash feldspar is invariably clearer, less 
opaque, than the soda feldspar; but the soda feldspars, if properly 
selected, are more of a pure white than the potash feldspars. 
Soda feldspars, in many cases, have been obtained in commerce 
which are off color slightly, owing to the fact that the price you 
pay for soda feldspar is considerably less than the price you pay 
for potash feldspar. The result is that care is not exercised in the 
selection of the material. There is no reason why soda feldspar 
should not be as pure white as potash feldspar; and my experience 
is that it has been, in nature, but you never find a soda feldspar 
that will fuse down to as clear a glaze as potash feldspar. 

Mr. Mayer: Where the question of price is eliminated and you 
are trying to get the best you can for color, I have never been 
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able to get one yet that will compare with potash feldspar. There 
are specks and a brown, more or less dirty, color in connection 
with soda feldspars and that is why I ask the question I did about 
your samples. 

Mr. Watts: These samples are, as a rule, superior to the potash 
feldspars. I believe they are a truer white; the potash feldspars 
tend to cream or pink, whereas the soda folepers are a pure mat 
white. 

Mr. Mayer: They would be very interesting teicabate for us to 
get hold of, commercially. 

Mr. Watts: Remember this, that where you want a minimum 
fusing point, regardless of the rate of warping, where you can take 
care of your warping by means of other materials in your body 
and you simply want to use the minimum amount of feldspar, in 
order to get the vitrifying action, you get it apparently in the 
ratio of 69 percent albite and 29 percent of orthoclase, or in that 
neighborhood. Now, if you cannot stand for quite so much warp- 
ing, that is if you are in danger of warping, then you must go to- 
wards the orthoclase end. However,if you want to lower your vit- 
rifying temperature, you can easily do it between cone 9 and cone 
10, which you know is about the deformation temperature of very 
hard spars; you can bring it back to, say, cone 7. You get just 
as long a range of deformation at cone 7, with 29 percent of albite 
and 69 percent of orthoclase. If you study the diagram care- 
fully, you will find that a certain amount of albite can be intro- 
duced without materially injuring your rate of deformation, and 
the rate of deformation always indicates the tendency to warp on 
the part of your ware. 

I have not worked out, as tah the picnce of quartz additions 
to this eutectic mixture. That will be included also in my bulletin 
for the Bureau of Mines. You see every time we find a new min- 
imum deforming mixture, we immediately have to go through all 
our work of testing with quartz and kaolins, in order to get the 
action on that particular combination. The result is that the 
process of investigation is quite slow; but the indications are that 
quartz mixtures with this feldspar will act very much like the mix- 
tures with feldspar I showed you last year and which you will find 
described in Volume 14. 
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Mr. Mayer: There’s one thing I would like to point out; the 
use of albite is a very tempting thing for the potter, at times, on 
account of what is said to be the low fusing point of it but there 
is diffleulty about getting albite of a good color. I know one fac- 
tory, in Baltimore, that got into a rather serious mess in regard 
to the use of albite. They made a tremendous lot of ware out of 
Maryland albite, and what they didn’t break, they couldn’t give 
away. A factory in Beaver Falls also got into trouble using albite. 
A piece of ware made from albite has practically no ring to it. I 
made the statement about the ring of ware made from albite at 
one of our meetings, and it was questioned very seriously; but I 
unfortunately had made a lot of ware and it cost me a good deal 
to find out what the result was. I think that’s a thing worthy 
of consideration. ; 

Mr. Watts: I recollect that incident and remember that I gave 
a paper several years ago in which I compared the ring of the soda 
feldspar and the potash feldspar and I found, as Mr. Mayer stated, 
that there is a very decided difference and the albite porcelain has 
a woody, dead sound; but I had not in mind, nor would I suggest, 
that anyone undertake to use the albite in its pure state. Really 
there is no advantage in using more than fifty percent of soda 
feldspar. In reality, you find very rarely a potash feldspar that 
runs very much over 12 to 13 percent of potash and it will generally 
run about two percent of soda. That two percent of soda will 
represent the equivalent of three percent of potash or about 20 
percent of soda feldspar. The ordinary feldspar you use in com- 
merce is just about that. You call it potash feldspar; in oa 
_ it generally contains 20 percent of soda feldspar. 

Mr. Mayer: Very often more than that. 

Mr. Doe: What effect would lime have on such mixtures? 

Mr. Watts: Lime, I have not tested to any great extent. There 
is always a certain amount of lime in soda feldspar; the percentage 
of lime however is generally, almost invariably I might say, so 
small in proportion to the content of soda, that in soda-potash 
feldspar the lime is really not serious. If your lime content in- 
creased till it was four or five percent, I should say that it would 
act as seriously as an excess of soda would, although I have no 
positive data covering that point. 


THE MELTING POINTS OF REFRACTORY MATERIALS 


BY C. W. KANOLT 


Before discussing the determination of melting points it is well 

to consider what a melting point is. We are accustomed to think- 
ing of a melting point as a temperature at which a substance 
changes from a condition in which it does not flow perceptibly 
under its own weight to a condition in which it flows readily. 
Although this is often the temperature of most importance prac- 
tically, no rational definition of the melting point can be based 
upon this conception. For example, when glass is heated, the 
transition from its ordinary condition to a distinctly fluid condi- 
tion is a very gradual one and occupies a range of several hundred 
degrees. 
A melting point can be precisely and rationally defined only 
as a temperature at which a crystalline or anisotropic phase and 
an amorphous or isotropic phase of the same composition can 
exist in contact in equilibrium. ‘This true melting point may be 
either above or below the apparent melting point or softening 
point. Some substances which possess perfectly definite true 
melting points, undergo changes resembling fusion at lower tem- 
peratures. Solids in general become softer when heated; they may 
become so soft as to yield to their own surface tension, with the 
result that sharp corners are rounded off. Rutile, in its natural, 
slightly impure condition, melts at about 1700°C. The melting 
point is very definite, there being a sharp transition from a rather 
soft solid to a liquid of low viscosity with a considerable absorption 
of heat. Yet at temperatures 100 degrees or more below the melt- 
ing point, corners are rounded off and small particles become sin- 
tered together. The sintering of pure clay is probably a similar 
phenomenon of surface tension. 

The opposite phenomenon of a softening temperature above the 
true melting point is exhibited by silica. The true melting point 
of silica is about 1600.1 

However, the fused silica possesses such extreme viscosity near 


1 Day and Shepherd, Jour. Am. Chem. Soc. 28, p. 1089, (1906). 
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the melting point that it does not flow or change shape distinctly 
until considerably higher temperatures are reached. I have ob- 
tained 1750° as the apparent melting point of pure silica, i.e., the 
temperature at which it flows distinctly. This temperature how- 
ever, is naturally a very indefinite one. 

While the above definition of the true melting point is satisfac- 
tory for the case of a pure substance, so complex a mixture as an 
ordinary fire brick usually has no single definite melting point ac- 
cording to this definition, since several anisotropic phases may 
be present, all differing in composition from the isotropic phase 
produced by fusion. We can then only select the temperature 
at which the transition from a rigid to a fluid state seems most dis- 
tinct, and can call this the melting point only by apology. In 
the case of fire bricks, the transition temperatures so found are 
fortunately sufficiently definite to make their determination of 
practical value. I have taken as the melting point the lowest 
temperature at which a small piece of the brick could be distinctly 
seen to flow. 

The melting point of a brick is, of course, not the only property 
to be considered in determining its fitness for a given purpose. Its 
crushing strength cold, its behavior under load conditions when 
heated, and its resistance to fluxes may all be important. Blein- 
inger and Brown? have made a large number of tests of -fire bricks 
under load conditions at 1300°C., this work being carried’ out at 
the Pittsburgh Testing Station of the Bureau of Standards, which 
station was at that time the Technologic Branch of the United 
States Geological Survey. The chemical composition, crushing 
strength cold, porosity and density of these samples are given by 
Bleininger and Brown. They also determined the Seger cone 
numbers corresponding to the softening temperatures of the 
bricks.? 

I have determined the melting points of a large number of 
samples of fire bricks including many of these tested under load 


2 Bureau of Standards, Technologic Paper No. 7 (1912). . 

3 See also: Hofman and Demond, Trans. Am. Inst. Mining Eng., 25, p. 42 (1894); Hofman, 
Trans. Am. Inst. Mining Eng., 25, p. 3 (1895), 28, p. 435 (1898); Hofman and Stroughton, Trans. 
Am. Inst. Mining Eng., 28, p. 440 (1898); Gary, Mitt. k. tech. Versuchsanstalten 14, p. 63 (1896); 
Jochum, Thonindustrie Zeit., 27, p. 764 (1903); Weber, Trans. Am. Inst. Mining Eng. 35, p. 637 
(1904). 
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conditions by Bleininger and Brown. The experiments were con- 
ducted in an Arsem graphite-resistance vacuum furnace* (Fig. 1). 
As a matter of precaution, the specimens were protected by a re- 
fractory tube (A, Fig. 1) being placed on a bed of white alundum 
(fused alumina) in the bottom of the tube. The refractory tubes 
were usually made of a mixture of 72 per cent kaolin and 28 per 
cent alumina, these being the proportions for the formation of 
sillimanite, AlzO3, S103. According to Shepherd and Rankin’ pure 
sillimanite melts at 1811°. Either sillimanite or kaolin tubes were 
used with all fire bricks melting below 1800°. The chromite and 
magnesia bricks were melted in graphite crucibles without pro- 
tecting tubes. While the sample was being heated, it was ob- 
served through the glass window, EH, at the top of the furnace. 

The temperatures were determined by means of a Morse optical 
pyrometer of the Holborn-Kurlbaum type® which was sighted ver- 
tically downward through the furnace window. The use of the 
optical pyrometer depends upon the assumption that the object 
sighted upon emits black-body radiation. This is the case if the 
object is within a vessel at uniform temperature, and is viewed 
through a relatively small opening in the vessel. This can readily 
be accomplished in the apparatus used, but under such conditions 
it would be impossible to distinguish the sample, owing to the 
uniform brightness of the sample and its environs. In practice, 
the sample was placed slightly below the hottest part of the fur- 
nace in such a position as to be barely distinguishable. This re- 
quires only a temperature difference of about five degrees. 

The results of tests made in this way are condensed in Table I.’ 

The melting points of the pure refractory oxides are also of 
importance, but few of them have been known, for there are sev- 
eral difficulties to be overcome in their determination. It is nec- 
essary to use very high temperatures, to find crucible materials 
in which the oxides can be heated without contamination, and to 


4 Arsem, Jour. Am. Chem. Soc., 28, p. 921 (1906); Trans. Am. Electroch. Soc., 9, p. 153 (1906). 

5 Shepherd and Rankin, Am. Jour. Sci., 28, p. 301 (1909). 
* 6 Holborn and Kurlbaum, Sitzbar. d.k. Akad. d. Wissensch. zu Berlin, June 13, p. 712 (1901); 
Ann. der Phys., 10, p. 225 (1902); Waidner and Burgess, Bull. Bureau of Standards, 1, No. 2, (1904); 
Mendenhall, Phys. Rev. 33, p. 74 (1911); Henning, Zeit. f. Instrumentenkunde 30, p. 61 (1910). 

7 The complete results and further details of this part of the work may be found in Bureau of 
Standards Technologic Paper No. 10 (1912). 
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TABLE I 
MATERIAL | soumee os TEMPERATURE OF VISIBLE 

degrees 
rec le variCleo.ctiaty eee eet. 41 1555-1725 (mean 1649) 
Psteer DEICK ssi. as Se 8 1565-1785 
SENCsOIIe le oa se ean, 3 1700-1705 
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Wrariwvesia bricks; ~eacc, aioe 5 am. Wok « 1 2165 
1 OVO La ee aR Nl th fe les mE 1 1735-1740 
| In Oe em as Rt 1 1820 
Sect wes Gt Ve an rn Mer ee 1 1795 
Chromite. Ji ee eerie TOL 1 2180 











make accurate determinations of the temperature. Only an op- 
tical or a radiation pyrometer can be used at these temperatures, 
and their use may be interfered with by the evolution of a dense 
smoke from the vaporizing oxide. If the oxide can be heated in 
a vacuum the smoke can be avoided, but some oxides, including 
lime and magnesia, are completely vaporized in a vacuum before 
their melting points are reached. 

I have used the Arsem furnace for work upon Noe filling the 
furnace with a non-oxidizing gas, at atmospheric pressure, when 
the vaporization of the oxide prevented the use of a vacuum. 
The furnace requires more power at atmospheric pressure, and it 
has been found advisable to change somewhat the design of the 
heater. 

Magnesia can be melted without contamination in graphite. 
Some other oxides, such as lime, readily form carbides when heated 
in graphite, and still others, such as chromium oxide, are reduced 
too rapidly to metal. Tungsten has been found to be a suitable 
crucible material for such of these oxides as have been tried. 

The difficulty caused by the smoke was obviated by inserting 
into the top of the furnace a tube, the lower end of which is small 
and thin-walled, and is inserted in the oxide. The optical pyrom- 
eter is sighted down this tube. To prevent any smoke from 
entering this tube through cracks or pores; gas is driven into the 
tube at a small pressure and passes out through the cracks and 
pores or through a small opening at the bottom. The apparatus — 
as used with magnesia is shown in Fig. 2. The magnesia is shown 
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Trans. An Cer Soc Vuh att, A. The pyrometer is 475. Am Cer Soe. Vol AV 
0G. "sighted through B, which Gat GCaes 
also carries the gas cur- 
rent. The gases pass 
through a very small 
opening at C, so made 
that light cannot pass di- 
rectly through it. The 
gas and smoke are carried 
away by the tube D. If 
they were allowed to es- 
cape directly in contact. 
with the hot part of the 
NY heater they would be 
N7° ~~ likely to burn a thin 
place in it. 

- When it was possible 
to use a vacuum, a cru- 
cible of the form shown 
in Fig. 3 was used, the pyrometer being 
sighted down the central tube, which was 
made of the same material as the crucible, 
either graphite or tungsten. If the top of 
the crucible is left partially open, the be- 
havior of the oxide can be observed at the 
same time that the heating curve is plotted. 

At present, the work upon three oxides, 
MgO, Al.03, Cr2O3, has been completed. 
The results are given in Table II. 

In no case were the determinations of the 
melting point of a material all made with 
the same pyrometric apparatus. The melt- 
ing point of platinum was determined as a 
check upon the temperature measurements. 
For this purpose an iridium tube furnace 
was used, the platinum being melted in a 
tube of magnesium aluminate.’ Both heat- 
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8 Heinecke, Zeit. angew, Ch., 21, p. 687; (1908). 
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ing and cooling curves were obtained. The value accepted by the 
Bureau of Standards as the melting point of platinum is 1755°. 


Work on other refractory oxides is in progress. 


The melting 


point of lime, like that of magnesia, has been found to be much 
higher than previous determinations. 


Bureau of Standards, 
Washington, D. C. 





9 Zeit. f. angew. Ch. 31, p. 1459 (1911). 


10 Ber. Inter. Kongress Angew. Chem., 1, p. 715 (1903). 
11 Phys. Rev. 23, p. 22 (1906). 
12 Jour. Am. Chem. Soc. 28, p. 846 (1906). 
138 Trans. Am. Electrochem. Soc., 19, p. 333 (1911). 
14 Phys. Rev. 25, p. 1 (1907). 
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DISCUSSION 


Prof. Parmalee: I would like to ask Dr. Kanolt how large a 
sample can be melted in that furnace? 

Dr. Kanolt: The inside diameter of the ee is about 13 inches. 
The fire brick samples used were only 4 to 2 inch in diameter. 
Dr. Day, the other day, emphasized the he of work on small 
samples. We do not rely on a single small sample, but we take a | 
number of samples of material, different samples from the same 
brick, and are able to repeat the melting point very closely, except 
in cases where there are obvious lumps of foreign matter in it. 

Prof. Parmalee: The reason I asked that question was because 
I had that condition in mind. J should think small fire brick 
samples of that sort would give rather discordant results, at least 
if you take several samples. 

Dr. Kanolt: The results were more concordant than I expected. 
There was very little difference except in a few cases in which 
there were lumps in the material, and then the spots in the brick 
could be seen to melt at a different temperature from the mass. 

Mr. Barringer: I am particularly interested in the use of this 
vacuum furnace. Is it not made by the General Electric Company? 

Dr. Kanolt: Yes sir. 

Mr. Barringer: A furnace of that type was designed seven or 
eight years ago by W. C. Arsem, of the General Electric Company, 
and has proven of value in all sorts of research, particularly in 
the examination of refractories and rare metals. I think it is a 
most excellent furnace for that sort of work. I am glad to see it 
being used, because I know it required five or six years to work out 
fully, and that the Research Laboratory of the General Electric 
Company has depended upon it for much high temperature work 
in their research work. Mr. Arsem has checked the Seger and 
Orton cones in this furnace.. He burned one cone after another | 
and, although the cones are occasionally claimed to be poor tem- 
perature indicators, we were able to check with the furnace tem- 
peratures as shown by the energy curves, showing that for all 
practical purposes these cones indicate sufficiently close to the 
actual temperature. Mr. Arsem had a curve of the energy put 
into the furnace at different temperatures and claimed he could 
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get within a few degrees simply by noting the energy being 
consumed. | ; 

In a lot of our work with this furnace, we used an alumina cru- 
_cible, and you might be interested to know how we make these 
alumina crucibles. We take the aluminum hydrate and fire that 
first in a porcelain kiln, and this dehydrated alumina is mixed 
with a gum binder. The crucibles are pressed in steel moulds 
and then fired in the porcelain furnace and finally fired in the 
vacuum furnace, if greater strength is desired. As Dr. Kanolt 
has pointed out, the life of such a crucible is short and it is nec- 
essary to always have a number of crucibles on hand. 

Mr. Frink: I would like to ask what the current consumption 
is? 

Dr. Kanolt: According to Arsem’s results, the furnace takes up 
to about 13 or 14 kilowatts at 3,000°C. and that means at lower 
temperatures, say the melting temperatures of fire brick, something 
like 5 kilowatts. In the work with magnesia, we used much more 
than that, partly because we were not working with the vacuum, 
but also because it was necessary to do the heating more rapidly, 
and we used, perhaps, 25 kilowatts. I should add that the fur- 
nace can be seen at the Bureau tomorrow; and it is a furnace that 
we use practically every day in the year, not only for melting 
points of this kind, but for metals and slags. 

_ Dr. Sosman: Were both heating and cooling curves taken with 
the oxides? 

Dr. Kanolt: With the oxides, the curves were almost all heating 
curves. ‘There were two reasons for not getting cooling curves; 
some substances undercool too much, and in many cases, there 
was not enough oxide left to make a good cooling curve. The 
material evaporates so rapidly that when the heating curve is 
completed, there is not very much left. We are able to check our 
results on the melting point by taking the sample out of the fur- 
nace and examining it. We can heat it up to a little below the 
melting point and again a little above and take it out, and we find 
that the results so obtained correspond to the melting point as 
obtained from the heating curves. 

Mr. Fiske: I should like to ask in regard to the firebrick. I 
notice that 41 different samples were tested and the melting points, 
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I think, varied 170 degrees. Were they different grades of brick 
from different parts of the country? 

Dr. Kanolt: They were from 9 different states, and 17 manu- 
facturers. ; | 

Mr. Fiske: The reason I asked the question was that some two — 
or three years ago in connection with the brick department of our 
business, I thought it would be desirable to get the melting points 
of all the different fire bricks sold in our market. I anticipated 
there would be a very great difference in melting points, because 
the practical performance of the brick of course shows an immense 
variation. So I secured the services of Professor Norton at the 
Massachusetts Institute of Technology, who had an electric fur- 
nace something like the one described, and we collected together 
some eight or ten different samples, varying from the very highest 
gerade of flint clay brick we could obtain from western Pennsyl- 
vania to the very cheapest and commonest kind of second grade 
New Jersey brick (Laughter). I see that description raises a 
laugh. That is not intended to reflect any discredit on the New 
Jersey brick, because I believe New Jersey manufactures as good 
brick as are made in Pennsylvania, but I happened to take—pur- 
posely took—one of the lowest grade bricks in order to determine 
what is supposed to be a very great difference of melting point. 
I was very much astonished to find that the difference in melting 
point was just 55 degrees C. between the highest grade flint and 
clay and the poorest grade New Jersey brick, showing that the 
melting down of the cheap brick in ordinary practice is not due 
to heat entirely, but must be due to the fluxing action of gases. 

Dr. Kanolt: I have mentioned that this melting point is not 
the only thing, and the test under load conditions is also very 
important. Many of these same bricks were tested under load 
conditions by Bleininger and Brown, and in many cases there is 
not very much relation between the actual melting point and the 
failure under the load. The relative importance of the tests in 
any particular case depends somewhat upon the conditions under 
which the brick is to be used. 


A NOTE ON RATIONAL ANALYSIS AND GLAZE FIT 


BY CHARLES F. BINNS 


This note is offered in accordance with a suggestion made by 
the writer at the last meeting of the Society and published on 
page 377 of Vol. XIV of the Transactions as follows: “If he (Mr. 
Purdy) had made up bodies of the same rational composition, using 
different clays, I wonder if he would have found the same dis- 
crepancies.”’ 

In accordance with this idea the four bodies reported upon by 
Mr. Purdy have been made up, using six of the same clays as 
those used in his investigation. These clays are: 


51 Mandle Sant ball clay No. 2 
53 A Kentucky clay 

55 English ball clay No. 12 

82 Tennessee ball clay No. 1 

98 Johnson Porter ball clay No. 9 
104. English ball clay M and M, 


and in addition to these: 


2458 Florida clay 
255 English ball clay, Golding 


Samples of the six clays were procured from the Department 
of Ceramics, O. 8. U., by the courtesy of Profs. Orton and Purdy 
and were taken from the same stock as was used by the latter. 

The following are the calculated rational composition of these 
clays, Mr. Purdy’s figures being taken for the first six. 
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The kaolin is the same as that used by Mr. Purdy; but there 
being no Canadian feldspar at hand, Goldings Maine spar was 
substituted. The four bodies are those situated at the angles of 
the parallelogram which Mr. Purdy considers to limit the area of 








practical bodies. They are: 

A B Cc D 
Clay substance........ 40 52 52 40 
Heldspar.oi-heee 20 20 8 8 
Quartz Ane eee 40 28 40 52 
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The same specification was followed except that instead of taking 
20 parts of ball clay in each case, 20 parts of the required clay 


substance was derived from the ball clay. 






























































CLAY 51 
A B C D 
Balleclay eae peat ae 20.49 20.49 20.49 20.49 
KeaOlneeiee.watea roses 19.24 31.89 32.99 20.27 
Heldspar.s.c ery eee 21.97 21.60 7.42 7.94 
Pans ai epee eae at 38.20 26.04 39.10 51.19 
CLAY 53 
; A B C D 
Balitclayecse «sere 33.10 33.10 33.10 33.10 
KaAolINnG cee aes 19.58 34.21 33.04 20.63 
Keldsparssactuecsonen. 18.00 15.19 3.42 3.98 
Flinte ii 6 os! ewe ae. 29.18 18.28 30.18 42.26 
CLAY 55 
A B C D 
Ball clay... ee 26. 71 26.71 26.71 26.71 
Kaolin ee ieee 19.82 32/22 33.31 20.69 
Feldsparc ei ee EGON 17.06 2.88 3.45 
PLDs ee eee 35.97 23.99 37 .04 49.12 
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CLAY 82 
A B C D 
Ra eehaviw 8 ud ule ea 22.10 22.10 22.10 22.10 
SES UE ye oe OR OE 19.27 31.67 33.05 20.28 
EUG DAT cess: ies. tie cate 20.66 20.25 6.42 cera 
JENGA A 20 pt hell 37.64 25.65 38.69 50.88 
CLAY 98 
A B Cc D 
Ballvelay.. 4... es 24.06 24.06 24.06 24.06 
FOLIO has oo eae Oe 18.70 31.94 33.05 20.39 
HELA Dal sce ody eee. 21.29 21.05 6.46 7.13 
Pint. ces eh ee 30.25 23123 36.30 48 . 25 
CLAY 104 
; A B C D 
IS ALIRC LAN ee jan hinder et 26.0 26.0 26.0 26.0 
USS CE t Tec re OR Panes 19.4 31.94 33.03 20°27 
TCLUSP AI: o% 28 Gan ov te 20.09 19.56 5.51 6.43 
PEAT es Soon ee same ae ae 34.5 22.40 35.41 47 .30 
CLAY 253 
A B C D 
Babliclayy fac rte yes. 20.30 20.30 20.30 20.30 
PCAOlIN rc eee cee 19.24 31.94 32.60 20.34 
PCs pare ey Ryu. s ae 22.31 21.75 7.69 8.17 
LEC a alee Ee ae 38.12 26.06 39.40 51.18 
CLAY 255 
A B C D 
el icelaye coke Scan 27.10 27.10 27.10 27.10 
ECOG AT tiie fleas thee, 19.67 32.49 33.32 20.69 
Beldspatec..e5 5) mst 17.50 16.80 2.90 3.47 
LI Vee toes cae oe a 35.78 23.61 36.68 48.73 
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The eight bodies were made up in duplicate, one set of mixtures 
being blunged and lawned through 100-mesh and the other being 
ground wet on a ball mill and lawned through 120-mesh. Square 
tile were then pressed in plaster molds and burned at cones 3, 6, 9 
and 12, respectively, two tile being the unit. After burning, the 
tile were glazed with the same glaze as that used by Mr. Purdy 
and burned at cone 4. The accompanying diagram has been pre- 
pared upon lines similar to those suggested by Prof. Purdy last 
year, except that the amount of crazing and shivering is not ex- 
pressed. The points below the mean represent shivering; those 
above, crazing. ‘The results are that of the blunged mixtures A, 
five clays crazed at cone 3. The remainder were sound except 
for one specimen of clay 98 which crazed at cone 9. Of body B, 
every tile crazed at every heat treatment, of body D, every tile 
shivered, body C was more erratic, but in five of the eight cases 
the tile at cone 3 crazed and the remainder shivered. In the other 
three cases there were sound tile at cones 6 and 9. In this con- 
nection it may be mentioned that in the case of a very soft body, 
such as C at cone 3, it is very difficult to distinguish between 
crazing and shivering. 

In the mixtures which were ground there was even more uni- 
formity though body C is still rather erratic. In body A only two 
cases of crazing appear, both at cone 3. This seems to be the 
logical effect of grinding, because added flint is not as fine as the 
quartz flour which occurs in the clays. The same fact appears in 
body B, for whereas in the coarse mixtures every piece crazed, in 
the fine mixtures there are fourteen sound specimens. 

It would appear, then, so far as the value of these experiments 
goes, that there is reason to believe that bodies constructed alike 
on the principle of rational composition will behave in a similar 
way in the matter of a glaze fit whatever clay is used in the mix. 
As a single illustration, clay 104, English ball clay, may be com- 
pared with 253, Florida clay. No two clays could differ much 
more widely in their general characteristics, and yet the made up 
tiles behave almost exactly alike. 
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DISCUSSION 


Mr. Purdy: You will remember that two years ago (Vol. XII, 
p. 92) I drew a diagram showing the practical limits of body com- 
position. I stated at that time that body A would generally fit 
with any material, 1.e., with most any clay, feldspar and flint, pro- 
vided you had proper physical conditions in the body to make ware 
at all. Body B would practically always craze, in time. The 
_ practical body indicated by the star, when receipts are figured 
down, would craze or not craze, depending upon your choice of 
clays. C would craze occasionally; generally it would: show a good 
fit. If D did anything, it would shiver. Last year we had some 
rational analyses made of the clays, and found that all those bodies 
were moved over to the left. Notwithstanding that general shift, 
there was no relation between the rational composition and the 
shivering and crazing. 

The objection to my paper was that it was not rational, that I 
should have compounded the bodies so that they would always be 
the same, from a rational composition. This Professor Binns has 
done, and notwithstanding his conclusion that all bodies of the 
same rational composition would have the same effect, his own 
description of the tiles shows that they were not the same. He 
said that five out of eight crazed; the other three did not craze; 
or three out of the series of eight shivered and five did not shiver, 
showing that he himself experienced a variation in the shivering 
and crazing of bodies made upon the same rational composition. 
I don’t see how he drew the conclusion he did after having thus 
described the tiles. 

I asked Mr. Heubach if Professor Binns had sent tiles. He 
said, ‘‘No, Purdy didn’t have tiles, therefore they’d have to believe 
him as well as Purdy.”’ Purdy has got tiles this time and made on 
the same plan as Binns and by one of Mr. Binns’ students. I 
handed the analyses to the young man with instruction to select 
four clays, make up some bodies and burn and glaze them. Here 
is the student’s own note book and here are the tiles he made, and 
here is the evidence to prove that bodies made on the same rational 
composition but from different clays do not behave alike in matter 
of glaze fit. 
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You remember Mr. Binns said earlier that if they crazed, they 
would all craze exactly alike. This is not true with these trials; 
the bodies did not all craze alike, notwithstanding the fact that 
they have the same rational composition. The physical properties 
of the clay have a larger control in glaze fit than the rational com- 
position of the clays. I still maintain my contention, not only 
from my own data, but from data presented by Professor Binns at 
this time. , 

Mr. Mayer: I don’t know anything of this body, but I would 
say that a glaze dipped so heavy would craze anyhow. I don’t 
think because that glaze has crazed, it is anything against it, but 
it is so thick that it couldn’t help craze. 

Mr. Purdy: He dipped all of the plates dry, hoping to get the 
glaze as thick as possible so that we have the crazing and shivering 
tendencies pronounced. 

Mr. Heubach: I can’t say anything from Professor Binns’ point 
of view; all I know is that he made up the bodies, and afterwards 
we went over the trials together to check up’ the results. I myself 
believe in the rational analysis within the limits which Seger put 
down for it. If we are dealing with clays that contain nothing 
but clay substance feldspar and quartz, we may use either method 
successfully, but if they contain other mineral matter or soluble 
alkalies, I don’t think either the laboratory method or calculated 
method of rational analysis is reliable. 

Mr. Purdy: I don’t suppose this subject is of any interest to 
the people at large; I think they have all decided that they can’t 
control glaze fit from a rational analysis; but I would like to say 
that a careful reading of Seger will disclose the same statement 
that he was unable to control glaze fit by mixing his bodies on a 
rational analysis basis. 


THE EFFECTS OF SOME ELECTROLYTES ON TYPICAL 
CLAYS 


BY C. H. KERR AND C.-EH. FULTON, TARENTUM, PA. 


InpEx: 1. Preface; 2. Clays and Electrolytes; 3. Tests Made; 
4, Results; 5. Summary. 


1. Preface. Much work has been done on the effect of elec- 
trolytes on clays in the plastic state... No new methods or new 
problems are here presented, but thefe is given an independent 
set of determinations of the effects of several representative elec- 
trolytes upon a fire clay and a ball clay. 

2. Clays and Electrolytes. The work was carried on in con- 
nection with two clays: 1, Tennessee Ball Clay 3 as representative 
of the very plastic clays; 2, St. Louis fire clay as representing the 
general class of plastic fire clays. The electrolytes used were, 
NaCl, Na,CO3, NaOH, CaCh, BaClhH.O, and AJCl;12H,O in 
amounts equivalent to the following percentages of the dry re- 
agents in terms of the dry clay; 0.015, 0.025, 0.035, 0.050, 0.10, 
0.25, 0.50, 0.75, 1.00, and in some cases also 1.50 and 2.00 percents. 

3. Tests Made. In each case the electrolyte was dissolved in a 
little less water than was needed for mixing the clay. The clay 
in the air-dried condition was weighed out, and the solution of 
the electrolyte added. Enough water was then added to give a 
working mass of the best plasticity. All batches containing elec- 
trolytes were made up to be as nearly as possible of the same con- 
sistency as the batch without electrolyte. The amount of water 
required to produce this condition was determined, the figures 
including also the moisture in the clay. Bars 5 in. by 1} in. by 
2 in. were made, and volume shrinkage was measured by the method 
of displacement in kerosene. 


1 The following work deals with clays in plastic state: Bleininger and Fulton, 7. Am. Cer. 
Soc., 14: 827-39 (1912). The remaining references are the most recent ones dealing with clay sus- 
pensions. 

Purdy, et al Trans. Am. Cer. Soc., 13: 641-4 (1911) 

Ashley, Trans, Am. Cer. Soc., 12: 768-817 (1910) 

Ashley, Trans. Am. Cer. Soc., 11: 530-595 (1909) 

Ashley, Bulletin 388 U. S. Geol. Surv. (1909) 
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4. Results. First the curves showing the relation between 
amount of water and the volume shrinkage for each clay were 
obtained, and the data are shown in Tables 1 and 2. (See Fig- 
ures 1 and 2.) eng 


TABLE 1—TENNESSEE BALL CLAY 3 
Relation of Volume Shrinkage to Percent Water Used 


Percent H2O - Volume Shrinkage 
37.17 20.56 
42.34 25.37 
47.50 28.88 
52.93 33.07 
58.07 33.89 


TABLE 2—ST. LOUIS FIRE CLAY 
Relation of Volume Shrinkage to Percent Water Used 
Volume Shrinkage 


Percent H2O Percent 
21.68 17a 
21.77 16.85 
24 26 19.53 
27.02 22.69 
27.16 25.09 
29.68 27 46 
BSS 97 54 
32.20 29 . 43 
32.23 22.79 


With these data as guides to show the volume shrinkage changes 
caused by variation in the amount of water used, the series em- 
ploying the electrolytes were started. The results shown below 
in tabular and graphic form are averages of three determinations 
in close agreement. Table 3 shows the volume shrinkage of 
Tennessee Ball Clay 3, and Table 4 shows the amount of water 
used in making the test bars from which the data in Table 3 were 
obtained. Any figure therefore in Table 4 shows the amount of 
water used in making the corresponding tests in Table 3. 

In a similar way Tables 5 and 6 show the corresponding data 
with St. Louis fire clay, the figures in Table 6 showing the amounts 
of water used in mixing the samples shown in corresponding posi- 
tions in Table 5. 
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TABLE 3—TENNESSEE BALL CLAY 3 
Volume Shrinkage Percent 











NaCl | NasCOs | NaOH CiCh os Aen mae 
0.0 25.69 26e74 26.01 25.78 25.39 25.86 
0.015 25.67 25.93 AST PAE 24.87 24.60 DARED YS" 
0.025 24.83 26.00 2530 24.90 24.29 24.63 
0.035 Dosh 25873 25.89 PAS UE 24.1% 24.99 
0.050 25s D0: 26.01 25.83 24.41 24.65 24.76 
0.10 24 oll 25.68 25.91 24.14 24.39 25.38 
0.25 245; tt 26257 26.85 23.82 24.54 25.15 
0.50 24.93 Dion 25.97 24.02 23.93 24.45 
0.75 TASS ail 26.89 26.12 PA 20.00 24.74 
1.00 24.60 26.77 25.65 24.60 Pdi 8 We 24.46 
1.50 24.36 26.46 25-53 
2.00 24.90 2207 24.59 




















—s_ 





TABLE 4—TENNESSEE BALL CLAY 3 
Amounts of Water Used in Tests of Table 3 








NaCl | NasCOs | NaOH | Cach | Bach reset 
0.000 ov 1 37 .6 ov .4 O74 oe 37.4 
0.015 37.3 37.8 36.5 37.5 37.0 37.3 
0.025 36.7 37.9 36.9 TA MR aes E21 dee 
0.035 36.8 37.7 37.0 37.9 37.2 37.5 
0.050 36.9 37.6 37.1 36.9 oy alk 36.9 
0.10 36.9 37.1 SiO |. me oe 37.4 37.1 
0.25 36.3 37.6 B13) 1p eeoee 37.8 36.8 
0.50 36.5 37.0 34.7 | 37.0 37.8 36.5 
0.75 37.0 35.7 33.1 37.0 37.5 37.0 
1.00 36.4 36.2 33.4 36.4 37.4 36.9 
1.50 35.8 36.0 35.0 
2.00 We OOn th 35.5 34.5 























Figures 3 and 4 show graphically the data of Tables 3 and 5. 

5. Summary. From the limited amount of data: presented no 
conclusion of wide application can be drawn; but so far as the 
data obtain, the following points will be noted. 

1. The results are a strong confirmation of Bleininger’s? con- 





2 Orig. Com. 8th Intern. Congress Appl. Chem., 5, 17-32; Chem. Absts. 6, 3170. 
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TABLE 5—ST. LOUIS FIRE CLAY 


Volume Shrinkage Percent 
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NaCl | NacCOs | NaOH | Cack | Back ANG 
0.000 22.08 21.32 22.42 22.67 21.40 Se 
0.015 22.38 19.95 20.99 20.94 20.46 21.14 
0.025 22.21 19.40 20.45 21.46 20.08 20.73 
0.035 21.96 19.34 19.50 20.69 20.75 20.89 
0.050 21.43 20.55 20.07 21.18 20.35 21.22 
0.10 21.53 20.61 20.09 20.77 21.29 22.39 
0.25 21.14 20.05 21.13 20.05 21.10 20.47 
0.50 20.77 20. 40 20.50 20.49 20.57 20.75 
Sa0s10 20.99 20.48 21.56 20.75 20.31 20.65 
1.00 19.68 19.82 Ze 19 20.49 20.73) 20.40 
1.50 20.73 20.31 21.35 21.23 20.81 19.40 
2.00 Ae) lh aA: 21.61 21.65 20.77 20.59 
TABLE 6—ST. LOUIS IRE CLAY 
Amounts of Water Used in Tests of Table 5 
NaCl | NaCOs | NaOH | Cach | Back aes 
0.000 25.9 25.9 25.9 25:9 25.9 20.9 
0.015 26.8 25.7 24.8 24.4 20.9 25.3 
0.025 25.9 25.1 24.4 24.8 25.5 25.1 
0.035 20.5 25.3 23.5 24.4 25.1 23.5 
0.050 25.1 26.1 24.8 25.5 25.5 25.5 
0.10 25.5 25.3 24.8 25.1 25.7 25.7 
0.25 26.3 24.8 26.1 25.1 26.8 25.3 
0.50 26.1 24.2 26.1 25.5 26.6 26.3 
0.75 26.8 25.5 27.9 25.3 25.9 26.3 
1.00 25.5 24.2 26.8 25.5 25.9 26.8 
1.50 25.7 25.1 27.0 25.9 26.6 27.0 
2.00 25.5 24.8 27.4 26.3 26.1 27.6 























clusion, that there is very unstable equilibrium in these clay slips 
which is greatly affected by the addition of very small amounts of 
electrolytes. 

2. The effect of the electrolyte is not confined to changing the 


amount of water necessary to produce plasticity. 


If variations in 


volume shrinkage due to differing amounts of water be allowed 
for, there still remain other variations (many of them great) due 
to other roles of the electrolyte. 
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3. The variations in volume shrinkage due to differences in the 
amounts of water used are apparently not dependent upon and 
not directly connected with other variations in volume shrinkage 
due to other roles of the electrolyte. 


DISCUSSION 


Mr. Kerr: This work is not given as a complete study, but 
simply to add collaborative data. We have everywhere checked 
Prof. Bleininger’s conclusion that great instability exists in these 
clay slips so that the addition of very small amounts of electro- 
lytes produce profound changes That is shown very plainly in 
the curves given. The addition of fifteen thousandths of one per- 
cent of sodium carbonate produced that immense drop in the 
sodium carbonate curve, and in all the curves we found the same 
tendency to very rapid fluctuation with a very small addition of 
electrolyte; that seemed to be very typical and supports entirely 
Prof. Bleininger’s contention. 

Mr. Watts: Did you find any difference in the action with dif- 
ferent densities of slip? 

Mr. Kerr: We did not study that; all of these were bodies 
mixed to the best working consistency for the individual case. 
The amounts of water are tabulated in the paper. 


THE FUNCTION OF TIME IN THE VITRIFICATION OF 
CLAYS! 


BY G. H. BROWN AND G. A. MURRAY, PITTSBURGH, PA. 


1. INTRODUCTION 


It is a well-known fact that time is an exceedingly important 
factor in the maturing of clays and bodies. A certain result may 
be obtained either by the application of a higher intensity of heat 
for a shorter time or a lower temperature for a longer time. This 
fact we see constantly illustrated in the firing of all kinds of clay 
products, the melting of glass, the softening of pyrometric cones, 
etc. Yet there are definite thermal limits to which such relations 
are confined. These correspond to the lowest temperature at 
which partial softening, which is a necessary HOE TEE of vitri- 
fication, can take place. 

It should be recognized also that the closing up of the pore 
system is not entirely due to the action of fluxes, part of it is 
undoubtedly to be ascribed to the contraction of the colloidal por- 
tion of clays, since condensation is typical of many amorphous 
bodies such as pure alumina, magnesia, zirconia, etc. We have 
however no means of differentiating between the two kinds of 
contraction. In impure clays and in materials like shales this 
condensation is not marked. ‘The colloidal material causing the 
contraction in question is active in this direction only as long as 
it persists in this form. As soon as it becomes transformed into. 
the crystalline state or becomes “‘set,’’ due to the action of fluxes, 
it ceases to show this phenomenon. The addition of colloidal 
silicic acid to clay, therefore, does not increase the shrinkage for 
the reason that upon loss of the chemical water and further ig- 
nition the substance becomes transformed into crystalline silica. 


2. DESCRIPTION OF WORK 


The plan of the present work followed was that of Bleininger 
and Boys, consisting in heating clays to their maturing tempera- 
tures at definite rates and comparing the heat effect by means of 


1 By permission of the Director, Bureau of Standards. 
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porosity and shrinkage determinations. Six clays were studied in 
_ this connection which were as follows. . 
1. A paving brick shale from Streator, Illinois (Lab. No. 30). 
. A paving brick shale from Cleveland, Ohio (No. 16). 
. A paving brick shale from Canton, Ohio (No. 35). 
. A red burning surface clay from Urbana, Ill. (No. 37). 
. A calcareous, buff burning surface clay, Heron Lake, Minn. 
(No. 14). 
6. A No. 3 fire clay, West Decatur Pa. (No. 12). 

The chemical analyses of these materials are given in Table I. 


Or Be W bO 
































TABLE I 
CLAY NO. 1 2 3 4 5 6 

SiOs ce ees ere 58.98 UMTS 57.30 (aLUB Ie Ooze 60.41 
AlsO3 hou ee a ek 19.59 22.30 24.31 12.36 11.88 19.49 
HecOrs ee. eae 7.46 6.51 3.30 2.26 4.37 207 
THs 22 eos, Mees 0.76 0.86 0.98 0.78 0.95 1.98 
CaO. 0.95 1.75 0.58 0.83 8.62 0.42 
MG Osea) a earns 155 0.08 2.19 Lee. 2.66 0.56 
NasOn or ee 1.08 0.81 ed ‘0:97 0.80 1.30) 
KO 3 abe eee Pa ab 3.43 2.43 2.10 1.48 246 
Lose’at 100%? 0.29 0.78 0.98 1.34 | ——- 0.48 
Loss on ignition. nes 6.01 6.93, a Ld 13.94 10.84 

TOCA cA ental s 100.11 100.28 | 100.11 100.08 | 99.92 100.36 








The clays were ground in the dry pan, screened and tempered 
in the pan to a homogeneous mass of good plastic consistency. 
These plastic batches were then put through a small auger machine 
and pressed into a cylindrical column, 22 inches in diameter. 
This was then cut into discs, 1 inch in thickness. After drying 
the specimens, they were fired in a gas fired kiln to 850°C. This 
temperature was maintained until the clays were fully oxidized. 

The volume of the pieces was then determined by means of the 
Seger voluminometer, as was the porosity. Following this they 
were thoroughly dried and subjected to firings arranged according 
to definite schedules. The burning was carried on in a large 
downdraft test kiln, fired with natural gas. Accurate tempera- 
ture control was maintained by means of a recording Siemens- 
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Halske pyrometer, checked by readings from another thermocouple 
connected to a non-recording millivoltmeter. The draft was reg- 
ulated according to a delicate manometer and a recording car- 
bon dioxide apparatus. Pyrometric cones were placed in the kiln 
for each burn. 

Owing to the precautions taken it was quite an easy matter to 
follow the straight lines of the time-temperature schedules with 
considerale accuracy. The rates of firing as first planned were 
as follows: 


Temperature increase in °C. per hour...... DOD 5 ear. 20.0" © 20 
urarton. ot OULM in, HOURS.) neok eee 24 26 32. 44 60 


It was found, however, after making a number of runs, that this 
arrangement was unsatisfactory owing to the short intervals in 
the duration of the burns, and for this reason a second schedule 
was adopted: 


Temperature increase in °C. per hour...... 50 = 25 16565 
Duration of burn in hourss:% 74.5..4505 6. fo. 24 48 72 96 


At intervals of 20° during the vitrification stage of the clays two 
discs of every clay were drawn through an opening in the kiln door 
and allowed to cool in a small pot furnace, previously heated to 
about 800°. Determinations of the volume, porosity and apparent 
specific gravity were made on each disc. 


3. DISCUSSION OF RESULTS 
A. CLAY NO. 1. 
In Table II the results of the porosity and shrinkage measure- 
ments are compiled which are plotted in the diagrams of Figures 


1 and 2. From these the following iso-porosity relations are 
found to hold: 


Temperature 


Porosity reached ; - Time 
percent degrees hours 
20 1070 69 
1090 39 
1110 26 
15 1090 75 
1110 42.5 
1130 18 
10 1110 80 


1130 47 
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TABLE II—CLAY NO. 1 (LAB. NO. 30) 





PERCENT POROSITY PERCENT VOLUME SHRINKAGE 























TEMP. REACHED °C. Rate of heating °C per hour 
riba eee 20 tN 12,5) | 40750 975 | -20;.° |) 12.6 
ROTO Bye ie ea Borgo Or eee Or 1G Si daS | 92612130) 17.7 
OOO ete is eee 22-0910 9-20.64) 12e5") 116 4.8 -\14.6° 119.7 
DIO ern i Sa Be Only 8 12-3 922.113.9179 | 90.21; 21.8 
12 eo ae ene A oMeLO OF ee Oro) 7 on LS, 4.) 2124 22) 2) 16.9 
11H De. 5 See ee Seno Ow oo 4 Lost |) 22:2.) 22.07),20.9 | 12.6 
BELO mae seiko fe a ie (200 O28") 18.6). 20.5 | 22.2 |). 16.65 820)). 922 
ee OMe ae cme, eee ces 7c oh Le eB arg 1974°}> 6.8/3.8 | 158 
LGA UU apatc  I e 19:3 1721.3 6.8 | 2.7 





























Overburning begins at 1150° after 57.5 hours, at 1170° after 43 
hours and 1190° after 28 hours. A state of equilibrium was not 
reached in any case since the curves for the temperature 1070° 
to 1130° still show a decided slope, and it is reasonable to suppose 
that the minimum porosity would be reached at 1130°, 1110° and 
perhaps 1090° after increasing periods of time. The suddenness 
of overburning is somewhat surprising, and it is evident that the 
rapidity of the vesicular structure development is both a function 
of the temperature and rate of firing. Overburning is not merely 
a question of temperature but of time as well, since at the same 
temperature both a sound or a poor structure may be obtained 
depending simply upon the rate of firing. For the clay in question 
it would undoubtedly be better to complete the burning at 1130° 
at a slow rate of heating. The practice of “soaking” a kiln there- 
fore is of value, provided that the heat treatment is well within 
the critical temperature range. 

The diagram of Figure 2 makes possible the comparison of the 
shrinkage and porosity curves. The peculiar fact is at once 
noted that the points of minimum porosity and maximum shrink- 
age are not coincident. Thus the curve representing the heating 
rate of 20° per hour shows maximum shrinkage at 1130° and min- 
imum porosity at 1150°. The same thing holds also for the other 
curves. This tends to show that vesicular structure exists and 
that closed cavities are formed into which water cannot penetrate 
and which for this reason escapes observation in the usual po- 
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rosity determination. The shrinkage curves again indicate the fact 
that slow firing matures the clay at a lower temperature than 
more rapid heating, since the 20° rate results in maximum conden- 
sation at 1130°, while the others correspond to 1150° and 1170°, 
respectively. 

By calculating the porosity decrease, expressed in percent, per 
hour, and comparing this with the rate of firing, the speeds of 
vitrification are computed. These are shown in Figure 3. As is 
to be expected, the greatest speed of contraction is obtained by 
the most rapid heating. As the lower porosities are reached the 
rate of vitrification diminishes. The rate of contraction, however, 
is not a simple function of the heat increment, but is complicated 
by the degree of viscosity of the softening mass and is in part 
rendered unreal by the development of vesicular pore space. It 
is obvious from the results obtained that the rate of 42.5° per 
hour is entirely too fast for obtaining a sound structure. Slow 
burning to the minimum temperature will produce the best results 
with this clay. 


B. CLAY NO. 2. 


The numerical results of the porosity and shrinkage determina- 
tions are collected in Table III and the diagram of the porosity- 


TABLE II—CLAY NO. 2 (LAB. NO. 16) 














PERCENT POROSITY PERCENT VOLUME SHRINKAGE 
TEMP. REACHED °C. Rates of heating, °C per hour 
42.5 | 27.5 | 20.0 | 12.5 | 42.5 | 27.5 | 20.0 | 12.5 
O505L Ue cna teae eens 22.6 | 22.2 | 21.8|/21.7 | 0.4)- 0:87 0599) 1.0 
O708s a cn eee eae 20'S | 99 6 O94) 070.8 De inayat) ae aioe anh 
QOD akan eet alee B14 | 21,7 19 Rial Ged ie 4nd aloe 
LOLOL a eee 202001 2 AR SG aos a eet. G oat eed 
L030 a ae ee 17:2 | 19.6|14.2/14.0] 4.8] 3.9] 8.3] 9:6 
1050) oe ok Uae 14°9-}:16:3) T0204) 66.99 58.40) 07-64) ble oe ome 
107055 bee Ae ee POLE |) OSH 5 Ones Suelo 12, 4on heeOene ioe 
LOCO DAS ie ee ee SL be Ba2 AOU oe wt. 611447 one 
1TTOPS oe abana eee AaT | Bla OS AML ORm aly al 1286 
L130 ees ee re Bat Oa 1OR8 9.9 
1150). ere ee 3113 
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time-temperature relations is given in Figure 4. Here some of the 
iso-porosity equivalents are as follows: 


Temperatnre 
Porosity reached Time 
percent degrees hours 
20 990 49 
1010 24 
15 1030 45 
1050 24.5 
9 1050 62 
1070 26 
7.5 , 1050 77 
1070 40 
1090 29 
4.5 1070 70 
1090 59 
1110 26.5 


It is observed that overfiring occurs at 1130° after 41, and at 
1110° after 66 hours. The maximum density is obtained after 
86.5 hours at 1090° and this temperature is the highest for safe 
burning, provided the rate of firing is not too slow. The effect 
of the speed of heating is brought out in the diagram of Figure 
5 in which the volume shrinkages are plotted. The point of max- 
imum shrinkage is reached at 1050°, firing at the rate of 12.5° per 
hour, at 1070°, with a rise of 20° per hour, at 1090°, with 27.5° 
per hour and at 1110°, with 42.5 per hour, thus verifying the 
statement that the slower the rate of firing the lower the temper- 
-ature at which a given amount of heat work is accomplished. 
Attempts to work out a general relation between the rate of heat- 
ing temperature and porosity were unsatisfactory. Owing to the 
fact that the maximum shrinkages for the different rates of heating 
are sufficiently close together, corresponding to 15 = 1 percent, 
these values have been taken to be equivalent. 

Plotting the rates of heating against the temperatures at which 
maximum shrinkage has been reached the curve shown in Figure 
6 is obtained, which illustrates the relation of the maturing tem- 
perature to the rate of firing. Between the rates 12.5° and 27.7° 
per hour the temperature increases practically linearly, but be- 
yond 30° per hour the trend of the curve is towards a limiting 
value. . . 


200 VITRIFICATION OF CLAYS 

















Ky LOE. v7 Cer-20c. bol AV VIO. Lown & Murra, 
\ 
N 
Neg 
X 
: 
N 
V7 
ee a Cane 
Ye 
Sase2aino 


— Legre 
\ 





[iS Bee 


Kale of Heasirg 





BASF VEO ETD CIS PEO N/A Re ome 
Soo a 47, pti CAMIOV? — FOLOSID sae Decrease 1 Perce) per /10Ur- 


FS5e 


ERE 
NSBR E wee 
NNcEEE bel aie 
ENS ra | 








MAL een 
NRE 


\ 
\ 
1) 


CA 
eee 





val ae 





§ 
— 
ae 


Vit7e — (70U rs 


VITRIFICATION OF CLAYS 201 


7S E 


30 2 aad | 
el cal | : 


Perce boli Sr 17k 


‘< LIO0/" 


eS 





WATE PE, 


Krave oF Firitig ~DeG€ES Ce 





8 





N 








OO LOR FON AOS O MINEO TOD. TO! NGO HOO TO (20 
Wax. Strikage lemperaruré — Dégr@es CAWIGr GAZ 


202 VITRIFICATION OF CLAYS 


The speeds of vitrification at the different temperatures and 
rates of heating are presented in the diagram of Figure 7, from 
which it is apparent that the maximum rate of condensation is 
obtained between 1050° to 1070°, with a rate of heating of 42.5° 


per hour. 
C. CLAY NO. 3. 


Table IV contains the values obtained in the porosity and 
shrinkage determinations which are shown graphically in Figures 
8 and 9. Some of the iso-porosity relations are as follows: 


Temperature 
Porosity reached Time 
percent degrees hours 
14 | 1090 43.5 
1110 22.0 
10 ‘1090 61 
1110 34 
Ht 1110 o2 
1130 | 22.5 
9) . 1110 64 
1130 33 
1150 26.5 
3 11380 43.5 
1150 35 
1170 23.5 


The fact that 1170° is too high a finishing temperature is shown 
by the fact that vesicular structure is produced when the firing is 
carried on at a rate so high this temperature is reached after 47 
hours. The excellent firing behavior of this shale is shown by the 


TABLE IV—CLAY NO. 3 (LAB. NO. 35) 

















PERCENT POROSITY PERCENT VOLUME SHRINKAGE 
TEMP, REACHED °C. Rates of heating, °C per hour 

50 25 16.66 12.5 50 25 16.66 12.5 

TORO. d it yaek = eee 21.4 | 21.6 | 20.0 | 18.9 | 18.1 | 18.4 | 21.1 | 20.3 
1070 She eee 20.9 | 15.2 | 12.7 | 14.6 | 18.9 | 23.3 | 25.2 | 24.2 
1000 oe ee eee 16.8|11.8|....| 9.7 | 23.0 | 26.9 | 28.1 | 27.5 
N10. Oe 11.8|-8.2| 4.5) 3.5] 26.8 | 29.0] 29.41 28.5 
1130. eee / 68] 2.5] 1.1] 0.7] 28.0] 29.1) 29.3 |. 28.0 
1150.4. 2 ees 5.8| 0.31 0.6! 0.7] 29.0] 28.7 | 27.5 | 26.4 
1170 wc ee 2.81 0.8|22.1| 2.7) 25.0| 25.5 | 18.2 | 20.9 
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steady decrease in porosity indicated by the 1180° and 1150° 
curves and the long range during which the minimum porosity 
is maintained. Incidentally the fact is brought out that in the 
testing of clays the time of burning should not be too short even 
for smallspecimens. The rapid tests frequently made in such work 
are for this reason open to criticism. The longer the time of burn- 
ing is taken so that it approaches the rates of commercial kiln 
operation the more useful will be the results obtained with refer- | 
ence to their industrial application. The diagram of Figure 8 
shows also that complete vitrification is reached at 1130° and at 
1150°, the difference being only the somewhat longer time required 
with the lower temperature. From the diagram of Figure 9 it 
appears that the points of maximum shrinkage practically agree 
for the rates of heating of 12.5, 16.66 and 25° per hour at 1110°, 
while for the 50° rate the same point is reached only at 1150°. 
The maximum speed of vitrification for this shale is reached with 
the heating rate of 50° per hour, between 1070-90° and 1110-30° 
_ and corresponds to 10.25 percent porosity per hour. 


D. CLAY NO. 4. 


The numerical data relating to the porosity and shrinkage de- 
terminations are compiled in Table V, and the graphical presen- 


TABLE V—CLAY NO. 4 (LAB. NO. 37) 














eee POROSITY 7 PERCENT yoroa ee 
TEMP. REACHED °C. = Rates of heats. AG per homed : 
50.0 ORO 16.66 1205 50.0 25.0 16.66 | Le 
LOSO eine ee eee SATE peomeed Peart eye 5iO Nd s8a alee Gal wwe 
10505 ee eee eee 20.0 T2379" 24404522 2 fel eeu 24 ala ee 
LOT Oni ee ee ee ee 22.4 | 18.8 | 18.4, | 14.4 | 14.8 | 19.0 | 19.6 | 22.4 
L090 a oe ee ea oe 21.3 10.9 $20 |-1022 11623972406 25°58 1) 2623 
VT 10 ae elec ae O94) 98.24) 465 AON 24s ae ae 2 ee 
1130 ie eee eae 1665 2.0 SONI 0202 20m Oe Os Sees 
1150 eee. oe eee Seale td. Ob Dros) PAN Ge see Aaah fey ag 
P70 ee ae ee ees 3.4 105 29: P2423 OVP eG Om eae eee ee 
U100. 6 ee ee ZA Sail. 4 





























tation is given in Figures 10 and 11. A number of the iso-porosity 
values are collected as follows: 
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Temperature 

Porosity reached Time 
percent degrees hours 

20 1070 36 
1090 24.5 

15 1070 58 

- 1090 35 

9.75 1090 dl 

1110 22 

7.9 1110 49 
1130 23.5 
5) 1110 63.5 
1150 34.0 


Both the 1150° and 11'70° curves show evidence of overburning. 

Like with the preceding clay the point of, maximum shrinkage 
(Fig. 11) coincides for three rates of heating, but is 20° higher on 
‘the 50° curve. From this it appears that the rate of firing could 
be at least 25° per hour without displacing the point of maximum 
shrinkage. 

The maximum safe burning temperature is about 1130°. The 
speed of vitrification was calculated to be 28.3 percent porosity de- 
crease per hour between 1090° and 1110°, for the heating rate of 
50° per hour. With a temperature increase of 25° per hour the 
maximum speed of vitrification, 9.8 percent porosity decrease per 
hour, is obtained between 1070 to 1090°. ) 


s 


E. CLAY NO. 5. 


Table VI contains the porosity and shrinkage values obtained 
for this material which are reproduced diagrammatically in Figures 
12 and 13. 

TABLE VI—CLAY NO. 5 (LAB NO. 14) 












































PERCENT POROSITY | PERCENT VOLUME SHRINKRGE 

TEMP. REACHED °C. Rates of heating, °C per honr Gea ee 

50.0 | 25.0 | 16.66 | 12.5 | 50.0 | 25.0 | 16.66 | 12.5 

990s ehsteseehe sae AIO 4002 1 S091 e4led edeower ele des aeons 

LOLO patter cement ATO) 40°53. | SOuT 42 OF ee) 22 ae ee ed: 

BV 18 Wee tee oe cba AME ty ols 5 40.6 | 38.4 | 36.4.) 38.8) 2.5.) 3.3.) 3°93 9372 

1050 SS een ys eae 38/1; )°36.3°) 31.9 | 31d) 6.59) 7. Os Stage ts.2 

LOT ions ites arene 33.1] 5.4] 0.0} 0.4} 10.5 | 30.0 | 33.6 | 32.9 

LODO so Suse ecutanie cca ere 4.6} 0.2) 0.0) 0.0) 30.3 | 33.8) 30.3: 32.0 
TRS Re Mea at Soo eae 00 170025) SOPOT ORO a Le aren 
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Some of the iso-porosity relations are as follows: 


Temperature 


Porosity reached Time 

percent degrees hours 

37.5 1030 49 

1050 28 

32.5 1050 60 

1070 22 

4.5 1070 46 

1090 22 

2.9 1070 54 
1090 S2u0 


The diagram of Figure 12 shows strikingly the typical behavior 
of calcareous clays, in which vitrification takes place rapidly, and 
a short temperature interval separates the open from the dense 
structure. This example illustrates also the influence of the com- 
position upon the time-temperature relation and proves the impos- 
sibility of calculating a factor which does not take into account 
the specific decrease in viscosity due to the material itself. 

Upon inspection of Figure 13 it is noted that this clay is influ- 
enced appreciably by the rate of firing. While themaximum shrink- 
age points of the curves, representing the 12.5° and 16.6° per hour 
rates coincide at 1070°, the corresponding point of the 25° curve 
is found to be at 1090° and of the 50° rate at 1110°. Calculating 
the speed of vitrification in percent porosity decrease per hour 
the maximum value was found with the heating rate of 50° per 
hour and corresponded to 71 percent between 1070° to 1090°, thus 
illustrating the rapidity of contraction. During the temperature 
interval 1050° to 1070° the maximum speed was found in connec- 
tion with the 25° rate and amounted to 38.2 per cent. 


F. CLAY NO. 6. 


Table VII contains the numerical results obtained in connection 
with this clay. The diagrams of Figures 14 and 15 present these 
in graphical form. Some of the iso-porosity relations are as 
follows: 
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Temperature 


Porosity reached Time 
percent ‘ degrees hours 
16 1090 35 

. 1110 25 

14 1090 61 
1 Oe 38 

12 1110 50 
1130 25 

10 1110 64 
1130 39 

ee EN: 1130 55 
1150 23 

9) 1130 85 
1150 48 


The evidence of overburning is shown and the clay becomes 
dense without any apparent irregularities. For this reason this 
material, may be burned safely with considerable rapidity to the 
temperature of 1170° and even higher. The conditions therefore 
are almost ideal in this respect. It will also be noted that the 
progress of contraction is gradual as is indicated by the regular 
intervals between the curves. A definite porosity limit is reached 
in the curves up to 1130°, showing that an equilibrium was ob- 
tained as far as the amount of softened material is concerned. 

Referring to Figure 15, the maximum shrinkage takes place at 
1150° with the rate of heating corresponding to 12.5° per hour, a 


TABLE VII—CLAY NO. 6 (LAB. NO. 12) 

















PERCENT POROSITY | PERCENT yoLUME SHRINKAGE 

TREMP. REACHED °C. Rates of heating, °C per hour - o 

DO. ON 2020 1616566 | 12.5 | 50.0.) :23:0: | 16.66 | 12.5 

GND IS UB Sane Sate oe emer | 24.5 | 23.3 | 23.6 | 23.6 | 12.0 | 13.3 | 12.8 | 12.8 
POS Oi reece Mkt | 22.9} 20-8 | 19.5 | 19.2 | 18.9 |-15.4 | 16.9 | 16.5 
POZO Meme Meee neat. ' Fezz Oneal ieonntoet | 16.8 | 15.0 tO | Ass. (18.9 
m0 Ec ea eo te U7 260 490131951013) 90) 1864.) 21,8) 2173 121.6 
CO eet eae) LOoteelzasu O,8 7) 919.) 20.9.) 23.9) 24.8 ) 23.7 
LM UPd PN The a a 111.7] 9.0] 6.4] 4.5 | 24.4] 24.6 | 24.7 | 24.8 
‘BEN vt Sieg ore ene Poor ouele2? |. 0.7 >) 25°3)625.0 1 25.811025 4 
dn 174 9 as ste lar area Augers eee aimommmiesn) Ole i 2ber E24 8005 :5 
LOU Amare ey tots Ph aan Bh, Det onmO-ogechs6 |) 02372578 - 26.2122. 77) 25.3 
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lower maximum contraction appears to have been reached at1130°, 
with 16.6° per hour. The highest shrinkage, 27 percent, is ob- 
tained with the 25° rate. Singularly, the maximum contraction for 
the 50° rate is only 26 percent and is reached at 1190°. These 
differences, however, are not marked and this clay, more than 
the others, responds to the time-temperature factor in a regular 
manner. 

The diagram of Figure 16 illustrates the speeds of vitrification 
and it is apparent that the maximum speed is found in connection 
with the highest temperature interval and the highest rate. The 
other temperature intervals however, do not arrange themselves 
in their order, a fact illustrating again the importance of diverse 
factors. Regular dependence upon the temperature and rate of 
heating can exist only when the amount of softening material in- 
creases proportionally to the temperature increment. The ful- 
fillment of this condition is quite improbable since the fluxes, even 
though they dissolve silica and alumina to the possible limit, con- 
-stantly produce new mixtures of varying viscosity, to say nothing 
of the physical obstacles encountered in bringing about solution. 
Hence the total quantity of softening material as well as its prop- 
erties, change more or less irregularly. The fact that vitrification 
is retarded towards the completion of vitrification is due in a 
large measure to the approach towards the final viscosity of the 
entire body. 


4. CONE SOFTENING TEMPERATURES 


In carrying out the burning experiments described, at regular 
prescribed rates of heating an opportunity was offered to compare 
the softening temperatures of the cones with reference to the time 
effect. The pyrometric cones used were of those manufactured 
by Prof. Edward Orton, Columbus, Ohio. It is a well known fact 
that the silicate mixtures making up these pyroscopes do not pos- 
sess definite melting points but only a softening interval and that 
the viscosity of the individual compositions is an important factor 
in determining the point at which the different numbers deform 
and bend. It is to be expected therefore that the time factor 
should affect the softening of the cones in a decided manner. 


BAI: VITRIFICATION OF CLAYS 













FE cer bKitwr772 Ger ithage 


Bees 
Sees oa 


990 “O10 FBO NSO JO "BO PAM ONL IO SOA IA OE 
VEDA OVE — LEG! CLS CE/W1G/ CGE 


iS 


“de 


LAVIGVOIDE DE 
ES © 


LEG CES Ce 
S 





Hate OF earii1g 
~ 
S) 


3 PS g oie 4S 13 
Speed of bitriticarior — -orostty D@C7GA8E 117 bf CET Per Lr 


VITRIFICATION OF CLAYS ZS 


In Table VIII the softening points of the cones used in the 
foregoing work are compiled with reference to the rate of heating. 
In Figure 17 these data are presented graphically. Inspection of 
the latter shows at once the general tendency to connect high 
softening points with rapid heating and vice versa. From cone 
No. 9 to No. 6 inclusive, the lowering of the deformation tempera- 
ture is quite rapid at first and then slows down decidedly. While 
the softening point of cone 9 appears to remain constant for the 


TABLE VIII—SOFTENING POINTS OF CONES °C. 























RATE OF HEATING °C, PER HOUR 
CONES 
42.5 27.5 20 12.5 
010 885 885 880 910 
09 920 930 950 890 
08 950 970 : 970 965 
07 960 975 950 970 
06 990 1000 990 995 
05 1015 1035 1025 1030 
04 1040 1055 1040 1045 
03 —-1055 1065 1050 1050 
02 1065 1070 | 1065 1060 
01 1080 1080 1080 1070 
if 1100 1085 1090 1070 
2 1110 1090 1100 1075 
3 1120 1110 1110 1080 
4 1130 1125 1115 1090 
5 1140 1135 1125 1110 
6 1170 1140 1135 te 
pO 1185 1155 1140 1125 
8 1200 1170 1160 1150 
9 1230 1190 1180 1190 














slower rates of heating it continues to become lower for the num- 
bers 8, 7 and 6. Numbers 5 and 4 show a constant lowering of 
the point in question. With the introduction of ferric oxide in 
the composition, irregularities begin to occur, although these are 
not marked until cone No. 03 is reached. Beginning with this 
number and with the increasing amount of boric acid entering into 
the mixtures the effect of the heating rate becomes more and more 
irregular. Thus the rise in the softening temperature of cones 
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No. 07 and 010 during the longer heating periods is manifestly 
due to the volatization of boric acid. . Reducing conditions or ir- 
regular firing cannot be the cause of this behavior since gas analysis 
showed a large air excess and since the supply of natural gas was 
under constant control. Upon examination the cones also ap- 
- peared to be of normal color and showed none of the vesicular 
structure due to flashing and reducing conditions. 
The irregularity of the lower cone numbers is realized by the 
makers and users and evidently is connected with their composi- 
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tion. As regards the higher numbers, above No. 03, their regularity 
of softening and deforming is surprising, knowing the disadvan- 
tages under which such a system labors. The results pertaining 
to cones No. 03 and above have been checked repeatedly, and in- 
variably the softening occurs as is indicated by the curves. These 
facts should be applied in the use of the cones as they certainly 
have been helpful in the work of this laboratory. Short burns 
. hecessitate the use of higher cone numbers than long burns in 
accomplishing the same result. Where at the same plant the rate 
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of firing varies, difficulties are certain to be met with unless the 
proper corrections are made as has been indicated. 


5. SUMMARY 


The effect of time in the firing of clay products is of great im- 
portance. A rapid rate of firing requires a higher finishing tem- 
perature than a slower one. 

As a rule the higher the content of fluxes the more Pare’ will 
be the influence of the time factor. 

It is impossible to work out general rules governing the time- 
temperature relations, owing to the fact that certain specific prop- 
erties of the clays, such as their viscosity at kiln temperatures, 
vary widely, according to the composition and physical structure 
of the different materials. Six typical clays have been studied in 
this connection and these results may serve as a guide in estimat- 
ing the time effect upon similar clays. 

Vesicular structure is produced not only by excessive temperature 
but by longer continued burning at lower temperatures as well. 
The selection of a particular rate of burning must take into ac- 
count the character of the clay and the size of the product to be 
fired. For most purposes the rates of firing will be between 10 to 
35° C. per hour. 

The method of firing at a constant rate cannot be applied to 
practical work. In conducting clay tests, involving the use of 
specimens of the size used in this work, a constant rate of heating 
from 30° to 35° per hour may be maintained after oxidation up 
to within about 40° of the minimum maturing temperature. From 
this point on a much slower rate, about 10° per hour, should be 
employed until the burn is finished. In case reasonable uniform- 
ity of temperature cannot be obtained in the kiln, still another 
change is desirable, consisting in keeping the temperature con- 
stant at the minimum maturing point until the clay has reached 
the desired degree of density. 

Unless the conditions of heating are stated, firing results of any 
kind lose much of their value. 

The greater the tendency of a clay to produce vesicular structure 
the lower should be the burning temperature with a corresponding 
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increase in time. For this purpose it is necessary to know the 
temperature limits within which the time factor becomes effective. 
The speed of vitrification, for a given clay, in general, is greatest 
at the highest temperature and the most rapid rate of heating. 
_ Probably 25° per hour is the maximum rate at which firing should 
take place under any conditions during vitrification. 

The effect of the time-temperature ralations should be studied 
closely for every clay since only when reliable information con- 
cerning this subject is at hand is it possible to exercise complete 
control of the burning. The importance of such results applied 
in factory practice cannot be emphasized too much. 

The use of pyrometers in plant operation is to be urged most 
strongly as they afford the only means of controlling the rate of 
firing. For the establishment of the end point of the burn pyro- 
metric cones, shrinkage and porosity determinations are of value. 

In the use of cones the time factor should be taken into ac- 
count. 


DEFORMATION STUDY OF KAOLIN-FELDSPAR MIX- 
TURES 


BY HEWITT WILSON, CER.E., COLUMBUS, OHIO. 
INTRODUCTION 


This study is but one of a large number dealing with feldspars 
and their impurities.!_ Beside the kaolin impurities, quartz, mica, 
beryl, together with the various kinds of feldspar, such as potash, 
soda, albite, orthoclase, anorthite, etc., are found in commercial 
feldspars in appreciable amounts. As these minerals all have 
different pyrometrical and chemical behaviors, mixtures of them 
in the commercial feldspar give results which can not be attributed 
to pure feldspar alone. In this investigation of the effect of the 
kaolin impurity, a pure feldspar was synthetically made impure 
by additions of various percentages of pure kaolin and the defor- 
mation properties of these mixtures were studied. 

Kaolinization of Feldspar and Significance. The kaolin im- 
purity in most commercial feldspars averages from 1 to 3 percent 
and usually is the result of the decomposition of more exposed 
portions of the bed. A description of this ‘“‘decomposition of 
feldspar and the recombination of a portion of the decomposition 
products to form kaolin” is given in Vol. XIV, T.A.C.S., by 
Watts, “Kaolin Mining in the Appalachian Mountains.” Briefly, 
it is this: 

The molecular formula for orthoclase or microcline feldspar is 
K,0- Al,03:6SiO2. By water solution the K2O is lost, leaving Al,Os; 
6SiO2 as the insoluble decomposition products. The Al.O3 and 
2S8iO, of this recombine with the absorption of 2H2O to form kaolin 
leaving 4 molecules of silica as quartz. Thus the presence of 
kaolin and quartz impurities in a bed of feldspar is partially ac- 
counted for. 

The increase of the combined water and the decrease of the 
potash content are thus indicators of the degree of kaolinization. 
It was found by the curve on page 464, Vol. 14, that as the water 


1“ Feldspar Studies,” by A. S. Watts, Vols. 14 and 15, T. A.C.S. 
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content increases, the deformation temperature also increases. By 
plotting the water alkali curve along side this other, a correspond- 
ing deformation temperature can be obtained for each percentage 
of alkali in the feldspar. We, therefore, may say that generally, 
the more kaolinized is the feldspar, i.e., the higher the water and 
lower the alkali content, the higher will be the deformation tem- 
perature. However, when the feldspar contains less than 16 per- 
cent kaolin, it has been found that there are indications of the 
formation of an eutectic, so that the rise of the deformation tem- 
perature is not as rapid as with higher percentages of kaolin. 

Purpose. ‘To determine in kaolin-feldspar mixtures, 

1. The relative deformation; 

2. The rate of deformation; 

3. Deformation eutectics or compounds; 

4. The effect of different sizes of grain of kaolin on the deforma- 
tion ; 

5. Deformation temperatures as expressed by standard Bytes 
metric cones of the high kaolin content mixtures; 

6. Effect of the additions of kaolin to a mixture of 90 percent 
feldspar and 10 percent quartz. 

In 1 and 2 it was desired to determine the relative rates of de- 
formation of the various kaolin-feldspar mixtures compared with 
each other and also with the standard pyrometric cones. 

The term ‘‘ Deformation Eutectic’? of 3 was coined by Prof. 
Staley.2. Should there be two eutectics in the same series of mix- 
tures, the mixture which gives the highest deformation temperature 
between the two might then be termed by us ‘‘A Deformation 
Compound,”’ analogous to the melting point compounds. 

Simonis (Sprechsaal, 1907, Vol. 2) gives a deformation temper- 
ature determination for Zettlitz kaolin feldspar mixtures and it was 
desirable in 5 to check this curve with our kaolin and feldspar. 

Watts (‘Some Data on the Deformation Points of Feldspar- 
Quartz Mixtures,” Vol. 14, 7.A.C.S.) found that there was ap- 
parently an eutectic with 90 percent feldspar and 10 percent 
quartz. As most commercial feldspars contain both quartz and 
kaolin impurities, it would be nearer actual working conditions 





2 “Melting Point and Deformation Eutectics,’’ Vol. 8, 7. A.C. 8S. 
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to have both present in this study, after the mixtures of feldspar 
with quartz and with kaolin had been investigated separately. 


METHOD AND PROCEDURE 


Preparation of the Feldspar. The purest microcline obtain- 
able was used. It was thought best to start with as near theoret- 
ical conditions as possible and then as the study progressed, the 
various commercial feldspars and clays could be introduced. The 
chemical analysis of the feldspar and also of the theoretical mi- 
crocline are as follows: . 





Feldspar Theoretical 
used maicrocline 
percent percent 

NT GISEUC Rene one cen Oe evs ib be diy Hib Dene Stee METS 3 4 
ep ODE) Way Rahaek a one eae ea 65.37 64.75 
URES) ina We ary MRE ee 9G tes ye GERM es se as 17.92 18.34 
AND Ze NE I SL ea te aS a PACER en ei eGRe wore 
ESS ste. sctoe eng ROR ghee bik! is avaee gets este 2 OR VM, MARANA 
CAC aN etein ts a erm fi Cie: ee va Olin ia PT hae nes 
(NEG Ot Pea ORR ar Ze 7 es EO UEUCO MR ee eee 
AOR ak tie NER PNE RL a a mR a eo 13.05 16.90 
NazO Swe P ee eet) AORN sa Sioned or eysev lc ot to Sule levcaeia ve Ait NO ae On aH a RG Sata 
98.80 99.99 

SCCUICWE hay. aw, ea ats Aedes Nee ek 2.57 2.56 


The feldspar blocks, 2 in. by 4 in. in diameter were first cleaned 
by breaking off all discolored portions. These tainted parts were 
however very low in impurities and accordingly were used in the 
preliminary burn. The cleaned feldspar blocks were reduced by 
means of a geologist hammer on a large piece of pure quartz, to 
js in. and smaller, sized particles. The final reduction was made 
by hand grinding in an agate mortar to pass a 200-mesh screen. 
Careful inspection was made at each step with the aid of a hand 
glass so that practically all discolored portions and minute mus- 
covite particles were removed, leaving almost pure microcline. 

Preparation of the Kaolin. As with the feldspar, the purest 
kaolin obtainable was used. 
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Kaolin Theoretical 
No. 83 kaolin 
percent percent 
Moisture: sk 5 seen ek Ce ee eee 12322 13.90 
STO esse eis ae ote EN 2 eel eat ere 46.67 46.30 
AOS se ocd ak aes neces SON ee ee ee 39.07 39.80 
FeO; CR eT ae ey COL, Creme aicn ol Hehe aaa 00.11 Da eteneatias 
TDiQgs: eects A ee ee 00.02 mG it ee 
CaO): 5528 soe ee ee ee re traces.) eee 
MeO 0.0: 22) Ma Ae Meee ee ee trace": Patan Sus Aeeee ; 
NaeQ efi ee ee Oe ee ee 00.11 Jie 
KoO ihe ete ie ee Pe ee ee O0:25°5.5 shi) oe eee 
99.45 100.00 


The crude unwashed clay was blunged in a small household 
churn, passed through a 200-mesh screen to remove all the larger 
quartz and mica particles and then sized in a Schultz elutriation 
apparatus, with a flow of water of 650 cc. per minute. References: 
“Experiments with Fine Grinding of Flint and Spar” by Junius 
F. Krehbiel, Vol. 6, 7.A.C.S.; and Bulletin 53, U. 8. Bureau of 
Mines, by A. 8. Watts. This elutriation apparatus consists of a 
series of four Jars with conical bases. Each has a thistle tube 
extending to the base through which the overflow from the jar 
above reaches the bottom. By means of an overflow reservoir 
and stopcock, a constant stream of water can be adjusted and 
maintained. The diameter of each jar thus determines the rate 
of upward flow of the water in that jar and likewise the size of 
particles which this rate of flow can carry up and over into the 
next jar. As each succeeding jar has a larger diameter, the size 
of particles retained in it will be smaller. See print of the appa- 
ratus, Figure 1. 

Four ‘sizes of grain were separated, dried and oie average size 
determined with a microscope. 


Jar No. 1 = 0.0032 to 0.0040 inches 
Jar No. 2 = 0.0024 to 0.0032 inches 
Jar No. 3 = 0.0016 to 0.0024 inches 
Jar No. 4 = 0.0008 to 0.0016 inches 


Most of the clay grains were taken from Jar No. 3 and after 
the relative size of grain study, this size was used altogether for 
all the cones. } 
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Preparation of the Cones. The feldspar and kaolin ingredi- 
ents of the cone mixtures were weighed out on chemical laboratory 
balances to the nearest hundredths of a gram. The two were 
mixed dry by passing twice through a 150 in. mesh screen and 
enough dextrine added to permit its being formed by pressure in 
a die, into a standard sized cone, i.e., a three sided pyramid with 
sides 22 inches long and the faces 3 inch, at the base and 7¢ inch 
at the top. With an average weight of 5 gm. of material per cone, 
not more than 10 to 15 gram batches were prepared at one time. 
Each cone was stamped with its serial and clay content number 
and baked in a constant temperature oven at 109°C. 
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Arrangement of the Cones for Firing. When hardened, the 
cones were set in a fire clay plaque, at the same angle of slant and 
as close together as possible, with standard cones arranged to 
indicate heat conditions on all parts of the plaque. Because of 
the uneveness of the heat distribution and in order to interpret 
results, it was necessary to have several standard cones of the 
same number in different positions. The best arrangement of the 
cones was found to be as is shown in Figure 2. 
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The cones are placed in two slightly diverging lines, back to 
back, and so close together that they touch at the base. It was 
not found practicable to burn more than twelve (four to six be- 
ing standards) at one time on account of the uneven heat distri- 
bution. (Fig. 3). The plaque is placed in the portion of the muffle 
where the best uniform conditions have been found and slightly 
turned so that the two diverging lines of cones coincide with the 
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line of sight from peephole “B.’’ However from. that peephole 
you can not tell which cone is deforming, so peephole “A” is 
necessary from which you can count the cones and tell which is 
bending. From.“ B” the exact amount of bend can be ascertained. 
If the cones are placed so that they bend directly towards the 
peephole, they merely appear to shrink in length and it is difficult 
to determine just when they do start down. 
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It is better to make two short rows instead of one long one as 
a few inches may mean quite a difference in temperature. Also 
it is best to have the two rows fall in opposite directions; while 
this increases the area, it also prevents the one row from touching 
the other in deforming, especially when the order of starting is 
not known beforehand. | 

Firing. The best firmg chamber was found to be a square 
flue lining, 6 in. by 6 in. by 24 in., closed tightly at both ends, 
save for the peepholes thus making a tight muffle. This was run 
into the chamber of a small coke fired test kiln at the Ohio State 
University. When necessary, two flue linings, one on top of the 
other with 21 in. between wereused. In the upper, the higher tem- 
perature cones are placed, as that muffle keeps about two cones 
ahead of the lower. A cut of the kiln is shown in Figure 4. 

From 24 to 27 hours were used in reaching cone 8; rapid firing 
maintained until cone 6 to 7 was reached and then several hours 
intervening until cone 8 should start. 


DATA AND RESULTS 


Effect of Size of Grain. To determine the effect of size of 
grain of the kaolin, a series was made up of 0.2, 5.0, 7.5, and 10 
percent of each of the sizes Nos.:2, 3 and 4 of kaolin and fired as 
a preliminary burn. No difference could be distinguished be- 
tween the three and so kaolin No. 3 was used throughout the rest 
of the determination. 

Deformation and Rate Study. Kaolin was added to feldspar 
in | percent intervals, from 0 to 16 percent. Beyond this the 
kaolin percents were 25, 30, 35, 40 and 45. The'average of 9 
burns Is given in the accompanying chart. 

The data for kaolin-feldspar mixtures is shown in a cone-de- 
formation chart devised by Mr. Watts in Figure 5. This indi- 
cates that 

1. The pure feldspar deforms between cone 8 and cone 9, closer 
to the latter. : 

2. Around 2 and 3 percent kaolin, the start of deformation is 
late, the rate is fast, and the end is reached before that of pure 
feldspar. 
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3. At 5 and 6 percent the rate decreases until it is about that of 
the pure feldspar, but the start and finish of the deformation is 
behind that of the latter. 

4. In the 9 to 11 percent region, there is another slow starting, 
a rapid rate and quick finish to deformation. The rate here is 
faster than any other. 

5. Beyond 10 percent kaolin, the start and finish progresses 
- towards higher temperatures with the increase of kaolin. 
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This chart is the result of the indications of the nine burns. Two 


feldspar cones in which the kaolin impurity varies only by one 
percent do not show much difference in their deformation. Hence 
regions, instead of definite percents, must be used in indicating 
eutectics. 

Fig. 6 shows in a more general way the rate of deformation, 
the latter being designated by vertical distances between the two 
curves. The ‘normal’ rate i.e., that of pure feldspar, is repre- 
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sented by the vertical distance between the two dotted lines drop- 
ping to the right as the kaolin content increases. 

Conclusions. The results of these two charts show that, there 
are two indicated deformation eutectics, the lesser in the region 
of 2 to 3 percent kaolin and 98 to 97 percent feldspar, and the 
greater at 9 to 11 percent kaolin and 91 to 88 percent feldspar. 
Correspondingly 5 to 6 percent kaolin and 95 to 94 percent feld- 
spar is a region which may be termed a deformation compound. 
Of course when we speak of regions, we mean that in the limits 
given, there is a definite percentage, at the maximum or minimum 
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point which should be termed the deformation compound, or eutec- 
tic, that but it has not been accurately determined. 

Refiring. <A final determination was made of this phase of the 
study by grinding up the deformed cones to pass 150 mesh, mixing 
with dextrine, reforming into cones and firing again. Cones con- 
taining 0, 2, 4, 6, 7.5, 10, 12.5 percent of kaolin were used. The 
results as given in Figure 7 check the above results, the deforma- 
tion however taking place from 2 to 3 cones lower—close to cone 
6. Pure feldspar started about the same time as the others but 
was slow in deforming. Cones of 2, 4, 7.5 and 10 percent kaolin 
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were practically the same and deformed more rapidly than pure 
feldspar. Cone of 6 percent kaolin was slightly behind the 2 and 
10 percent and dropped more like 0 percent thus indicating the 
higher region of 4 to 6 percent. 


KAOLIN-FELDSPAR-QUARTZ SERIES 


Kaolin was added to a 1 to 9 mixture of quartz-feldspar in the 
percents 0, 2, 4, 6, 8, 10. The results of two burns are given in 
Figure 8. The deformation took place with cones 8 and 9, the 
same as with kaolin and feldspar alone. With 8 percent kaolin 
there was the most rapid deformation. Those of 10 percent and 
0 percent kaolin came next with a lesser rate, leaving 2 to 4 per- 
cent as the “high” region, the slowest to deform. 

Hence, in a general way, the feldspars with both quartz and 
kaolin impurities may deform with and before pure feldspar, es- 
pecially when in the region of 8 to 10 percent kaolin, 9.2 to 9 
quartz and 82.8 to 81.0 percent feldspar. 


DEFORMATION OF HIGHER PERCENTS OF KAOLIN 


Simonis (Sprechsaal, 1907, Vol. 2) gives the following table for 
the deformation of kaolin-feldspar mixtures: 
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NO. ZETTLITZ KAOLIN FELDSPAR POINT 
percent percent 

BR a te ee eee 15 85 Cone9 
GAERA Shey bot ie ee a 30 70 Cone 14 
BOUT he ot ku Re i ee 45 BF) Cone 26+ 
Bray «a's Leh han cee ee 55) 45: Cone 28 
SO eRe. Far RR ee eee 70 30 Cone 31+ 
Qh, ete eae ale Be eee aE 85 15 Cone 33-384 














As is shown by Figure 9 we partly checked this with our kaolin 
and feldspar, the slight variations probably due as much to furnace 
irregularities as to anything else. Standard sized cones were made 
of the different mixtures and tested with standard cones in a small 
gas fired muffle furnace. See Figure 10. 

On the curve sheet, the dotted lines show where our results dis- 
agree with those of Simonis. Notice the rise in deformation of 
the 12 cones between the limits of 30 to 40 percent kaolin. 


GENERAL CONCLUSIONS 


Deformation of a Cone. The deformation may be grouped into 
three stages: The first is that in which the cone vitrifies and 
shrinks in the upright condition. This may be accompanied by a 
slight bending in any direction which however, ceases before the 
true bending commences. ‘This is the settling into a firm position 
and more compact mass. 

The second period is the free bending. If the cone has been 
properly leaned the tip starts first, and as it bends, more of the 
part beneath is taken into the bend until when the top is on the 
level with the base, there is one continuous curve. 

Much depends upon the rapidity of the burn. Cones show the 
result of time and temperature—heat work. If the temperature 
has been raised slowly, there is a better chance for the heat to 
penetrate into the cones gradually and for every bit of fluxing ac- 
tion of the alkalies to be completed, which could be completed at 
that temperature. Then there will be a selective deformation of 
the cones and greater differences can be discerned. When the tem- 
perature is raised rapidly, there comes a situation analogous to 
that of the supercooling of a liquid. Just as water can be cooled 
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below O°C. and remain in the liquid state, but upon the starting 
of crystallization the whole is suddenly changed into ice, so will 
the different cones hold back from deforming, and then all drop 
together as if charged with an excess of heat work. In this case, 
there is usually a straight fall, more like a stick of timber falling 
when stood up on end than an increasing curl. Because of the 
superabundance of heat work, the difference between the heat re- 
sisting force of the top and bottom of the cone is small when com- 
pared with the heat to be resisted. 

Surface tension aids in the curling. The surface of the cone at 
the deformation period, is more or less of a fluid. Just as a drop 
of water assumes the spherical form when untouched, the sphere 
having the smallest surface of any shape, so will the fluid coating 
of a cone tend to draw the whole into a rounded mass, after the 
tip has decided the direction of bend. It has been noticed that 
the cones containing the higher percentages of kaolin, tend to 
curl more than those of no clay content. Raw clay in glazes 
causes greater shrinkage and in a cone mixture aids surface ten- 
sion in getting the extremities of the cone together. : 

The third stage consists of the fusion of cone after the tip has 
gone below the level of the placque. As soon as it rests on some- 
thing, the rest of the deformation is just a general slumping, the 
preliminary stage to the real melting. 

The edges, formerly sharp, become indistinct and the whole 
rounds into a shapeless mass. 

Importance of the Results. The rate of deformation, or ‘‘the 
range of temperature between the start and end of deformation”’ 
is very important, indicating the range of temperature within 
which this material will be valuable as a flux in pottery manu- 
facture. | 

The method of putting a portion of the feldspar to be tested 
alone in the kiln and noting the result at the end of the burn will 
not always indicate the state of purity, for that feldspar can con- 
tain 10 percent quartz with 10 percent kaolin—20 percent impur- 
ity and still be deformed as much as the pure feldspar. 

But what would be the difference? If a potter receives a feld- 
spar which gives the desired fluidity at a certain cone, what dif- 
ference does it make whether that spar contains a kaolin impurity 
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or not? A high grade kaolin costs more than a high grade feldspar. 
The objection to using a mixture for a pure feldspar, unknowingly, 
is that he never uses the feldspar alone, but always with kaolin 
and flint in his body or glaze mix. Therefore he may run his 
clay content abnormally high without knowing it, in the case of 
a mixed feldspar and produce a very refractory body. Also two 
apparently similar feldspars or mixtures, which alone produce simi- 
lar results would give, upon the addition of clay, totally different 
conclusions. Ceramic mixtures are uncertain enough without 
adding to the uncertainty by starting with doubtful ingredients. 

Hence to test feldspar for quartz impurities, add quartz; to 
test for kaolin impurity, add kaolin. Ten to fifteen percent kao- 
lin added to a pure feldspar will not make appreciable difference 
in the final reading; but if added to a feldspar already containing 
10 percent kaolin (the indicated eutectic) the difference in the 
final reading will be noticeable. 


TESTS OF FLOOR TILE 


BY F. B. O'CONNOR, ITHACA, N. Y. 


The following tests on thin floor tile were performed mostly in 
the Economic Geology Laboratory of Cornell University by the 
writer under the supervision of Dr. Heinrich Ries! and they com- 
prise, so far as the writer knows, the first detailed attempt to in- 
vestigate the properties of this class of burned clay products. 
Those previously published are somewhat fragmentary. Emile 
Bourry, in his Treatise on Ceramic Industries, suggests two tests 
for floor tile, namely, the permeability (or absorption) test, and 
the test for resistance to wear. Both these have been included 
in this work along with such others as it was thought would bring 
out definite characteristics of the material. 

In the present investigation three series of clay floor tiles were 
used. In addition a parallel series of tests were run on marble 
tile. The clay tile were supplied through the kindness of Mr. F. 
’ W. Walker, of the Beaver Falls Art Tile Company. They were 
all about 4 inch thick, and square or rectangular. The marble 
tile were made to order of Vermont stone, 7% inch thick, and 6 
inches square. 

The clay tile are known to the trade as vitrified, but they are 
not all non-absorbent. Instead of giving the name of the factories 
from which the tile were obtained, they will be referred to as Series 
A, B and C. 

These tests were made (1) for the purpose of determining what 
the properties of standard makes of floor tile are, (2) to suggest 
if possible a series of required tests, and (3) to compare them with 
some other flooring materials. 

The tests made were: 

1. Impact on knife edges 

2. Impact on plaster bed, knife edge blow 

3. Impact on plaster bed, ball blow 

4. Absorption 

5. Frost resistance 


1 The balance of the tests were carried on in the Civil Engineering Laboratory of the same 
institution, and the writer desires to express herewith his obligations to Prof. A. P. Mills. 
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6. Abrasive resistance 

7. Transverse strength 

Although every effort was made to carry out the tests under 
uniform conditions, still there was more or less variation in the 
results. Some of this, at least, must have been due to the char- 
acter of the samples tested. For this reason, a large number of 
tests were made, and only the most representative of the results 
taken. 

The tests will now be taken up individually. 


IMPACT TESTS 


It will be seen from the list of tests given above that the impact 
test was carried out in three different ways, viz., (1) impact test on 
knife edges, the tile being struck with a knife edge from above; (2) 
impact test on plaster bed, the tile being held firmly on the latter 
while it received a blow with the knife edge from above; and (38) 
impact test with ball blow, the tile being held firmly on a plaster 
bed, while struck with a ball drop from above. 

None of the three methods can be regarded as absolutely satis- 

factory, although the ball drop probably gave the best results for 
the reason that it imitated most closely the kind of blow or knock 
that the tile might be subject to when in use. 
- Impact Test on Knife Edges. The machine used in this test 
was of the ordinary drophammer type (see Plate I). The drop, 
which weighed three pounds, was of wood and was guided in its 
fall by a steel guide on either side which fitted into slots in the drop. 
The weight of the foundation (or anvil) of the machine was approxi- 
mately 200 pounds which gives a ratio to weight of drop amply 
large to insure as accurate results as possible from a test of this sort. 
The guides were kept thoroughly oiled at all times, so it is thought 
a maximum percentage of the energy of the blow was transmitted 
to the test piece. Two hardened steel knife edges were placed 
parallel on the anvil, 4 inches center to center, The knife edge 
through which the blow was transmitted was carried on the drop 
so that it struck the specimen midway between the knife edges on 
the anvil and parallel to them. It is of course included in the 
weight of the drop previously given. 
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The impact test was made in two different ways. First, the 
hammer for the initial blow was raised only a small distance (about 
¥ inch), the height of the drop being increased after that by incre- 
ments of % inch each blow until failure. Then a height slightly 
less than the average value of rupture was selected and a new set 
of specimens broken by a number of blows from this height. 

Efforts to reduce the data for this latter part of the experiment 
proved a failure (except for the graphic solution to be taken up 
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Plate I. Ball drop with plaster bed for making impact test on roofing tile 


later) as did also the attempt to take into account the number of 
blows struck in the former part. Therefore the data is given as 
it was taken, with but one attempt at reduction, namely, by as- 
suming that in the first part of the experiment the drop that broke 
the test piece was the first drop and the least height possible. For 
this case (the weight of the test piece being small compared to the 
weight of the hammer) Professor Church gives the formula (Me- 
chanics of Engineering, p. 313) | 
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_1 Re 
«$6 He 


where G=the weight of the hammer 
h=the height of the drop 
R=the modulus of rupture for impact 
E=the modulus of elasticity 
k=the geometric radius of gyration of a right section 
e=the distance from the neutral axis to the extreme fiber 
in the right section 
V =the volume of the test piece included between the two 
supporting knife edges 
The volume V is 


Gh (1) 


V =ail (2) 


where a is the width and ¢ the thickness of the specimen, and 1 
the span. Substituting this value for V in (1), and rearranging 
we get 


R=CVh+a (3) 
in which expression C is a constant for definite values of a and I; 
1.e. 
C =—V6EG +i (4) 
Using a value for # of 2,000,000? pounds per sq. in., and for G 
of 3 pounds we find (for values of a and | of 7 in. and 4 in. re- 
spectively) C to be 7862. 
Substituting this value for C in equation (3), we get the values 
of R for the different tile tested shown in Table I. 
The results give the following average values of modulus of 
rupture for impact for the various colors and makes: 

















NAME BUFF RED W HITE 
' lbs. sq. in. lbs. sq. in. lbs. sq. in. 
ADOTICS Aten Syn eaethem eet ae 8170 6408 
Series: Byer. 2 eee 6679 5044. 
Series Grae ee ee 7091 - 5643 ees 
Wermont marbles ae a fed 7270 








2The value # is at best only approximate, since it is not the same for all materials and 
might vary from one to three million. 
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TABLE I.—SERIES A 

















































































































NO. COLOR h|\a R NO. COLOR h\a R 
4ans.|ins.| sq. ins. | 1Ns.|tns.| sq. ins. 
(l)a Buff 13; 2 | 6210 | (8)a Buff 3) 6 | 8980 
b Buff 2 | 2 | 7860 b Buff 31 6 | 7700 
Cc Buff 3) 2 | 7310 C Buff 8 | 6 | 9050 
d Buff +; 2 | 8340 d Buff 4} 6 | 9910 
(2)a Red 1/ 2 | 6210 || (A)a Red. 4| 6 | 5980 
b Red 4| 2 | 6760 b Red z| 6 | 5820 
crr.e* Red 4/2 | 6760 | oc Red 3| 6 | 5980: 
d Red — 3) 2 | 7310 d Red 4 | 6 | 6450 

SERIES B 
(I)a Buff 3, 2 | 4800 |(III)a Buff 3\4 | 8190 
b Buff 14/2 | 6210 b Buff 1'453.| 7950 
c Buff 3} 2 | 4800 c Buff 314,31 7470 
d Buff 13] 2 | 6760 d Buff 414.3.) 7150 
(IIa Red 3) 2 | 4800 | (1V)a Red 114,35) 5740 
b Red 3) 2 | 4800 b Red 2 |4;%| 5430 
Clan Red 3| 2 | 3930 Cc Red 2 |4;%| 5430 
d Red 3} 2 | 4800 d Red 2 |4;%| 5430 
SERIES C 
(A)1 Buff 13; 2 | 6210 || (C)1 Buff 32} 44) 7400 
2 Buff 23; 2 | 8350 2 Buff 37] 44, 6840: 
3 Buff 1 | 2 | 5590 3 Buff 4 | 44) 7630 
4 Buff 14) 2 | 6210 4 Buff 5 | 44) 8500 
(B)1 Red Lee2a poo0 et i(D)1 Red 23] 43! 6050 
2 Red 1} 2) 5590 2 Red 2 | 42) 5420 
3 Red 14; 2 | 6210 3 Red 2 | 42) 5420 
4 Red 3} 2 | 4800 4 Red 23| 44) 6050 
VERMONT MARBLE 

1 White 6 | 6 | 7860 3 White 32} 6 | 6200 
Ptah White 43} 6 | 6630 4 White 62) 6 | 8330: 



































An attempt has been made to represent the results of this test 
graphically (see Figs. 1 and 2). In these diagrams the height of 
the drop (ordinate) has been plotted against the number of blows 
(abscissae) so that the area (shaded) represents the relative work 
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done on the different test pieces. The figures under each diagram 
represent the percent absorption for that particular tile. 

The main object of these diagrams was to show a relation, if 
possible, between the two methods of making the test, i.e., one 
method being that of varying the height of the drop, the other 
being that of prt: a number of blows with the same height 
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drop. As no care was taken to make the first drop from the same 
height for the different sizes of tile, these graphs form no basis 
of comparison between tile of the various sizes. 

Details of Impact Tests. The following data give the details 
of the foregoing summarized tests. It should be noted that the 
break was not always perfectly straight as in Figure 3 but occa- 
sionally a V-shaped piece broke out as in Figure 4. 
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Vro76. 40077. C@r. 206. bia AK O Corr10or- 
FGF 49.4. 
Len Breck V-Shaped Lreak 
: SERIES A 


(1) Tiles 2 in. by 6 in. by 75 in., color buff 
a lin. by 1{ in.; broke evenly 
b lin. by every } in. to 2 in.; V-shaped break 
ce lin. by every } in. to 12 in.; V-shaped break 
d_ lin. by every j in. to 23 in.; V-shaped break 
10 at 13 in., 10 at 2 in., 2 at 23 in.; broke evenly 
f 1 at 12in.; V-shaped break 
g 3 at 12 in.; broke evenly 
h 10 at 12 in., 10 at 2 in., 10 at 23 in.; V-shaped break 


© 


(2) Tiles 2 in. by 6 in. by 75 in., color red 

in. by every + in. to 13 in.; V-shaped break 
in. by every 3 in. to 13 in.; V-shaped break 
in. by every 3 in. to 13 in.; broke evenly 
in. by every 3 in. to 12 in.; V-shaped break 
at 1 in.; broke evenly 

at 1 in.; V-shaped break 

at 1 in.; broke evenly 

at 1 in.; V-shaped break 


Rik NIK Le te 


TR rons oe 


ood & 


(83) Tiles 6 in. by 6 in. by x in., color buff 
a 53 in. by every ¢ in. to 72 in.; V-shaped break 
b_ 53 in. to 52 in.; broke evenly 
c 53 in. by every } in. to 8 in.; V-shaped break 
d 5} in. by every } in. to 94 in.; splintered along break 
e 3 at 7} in.} broke evenly 


f 
8 
h 
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2 at 7} in.; broke evenly 
4 at 7} in.; V-shaped break 
5 at 7; 1in.; V-shaped break 


(4) Tiles 6 in. by 6 in. by x in., color red 


moe reo nos oe 


23 in. by every i in. to 33 in.; broke evenly 
24 in. by every } in. to 3% in.; broke evenly 
23 in. by every { in. to 33 in.; broke evenly 
23 in. by every 7 in. to 4 in.; broke evenly 
1 at 83 in.; broke evenly 
3 at 33 in.; broke evenly 
2 at 34 in.; broke evenly 
16 at 33 in.; broke evenly 


SERIES B 


(I) Tiles 2 in. by 6 in. ae 75 in., color buff 


Soe ronoc re 


(II) Tiles 2i 


ro mo aoc oe 


in. to 2 ie eloped break 

in. by every ¥ in. to 14 in.; V-shaped break 
in, to 2 in. qeeOee evenly 

in. by vole + in. to 13 in.; V-shaped break 
O at 2in.; 3 at 1 in.; V-shaped break 

3 at ¢in.; broke evenly 
8 

9 


NIH NIH dH dle 


1 


at 2 in.; broke evenly 
at 2 in.; V-shaped break 


by 6 in. by 75 in., color red 
in. to 2 in.; broke evenly 
in. to 2 in.; V-shaped break 
in.; broke evenly 

in. to ? in.; broke evenly 

at 3 in.; broke evenly 

at 3 in.; V-shaped break 

at 3 in.; broke evenly 

at 4 in.; V-shaped break 
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(III) Tiles 43% in. by 4; in. by 3 in., color buff 


a 


b 


C 
d 


ao mo 


24 in. by every } in. to 43 in.; V-shaped break 
23 in. by every i in. to 44 in.; broke evenly 
2% in. by every i in. to 3? in.; V-shaped break 
2% in. by every { in. to 33 in.; broke evenly 

1 at 33 in.; broke evenly 
10 at 33 in.; 1 at 4 in.; broke evenly 
10 at 34 in.; 2 at 4 in.; V-shaped break 
10 at 33 in.; 6 at 4 in.; V-shaped break 
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(IV) Tiles 4,3 in. by 4,3 in. by 3% in., color red 


a 


b 
c 
d 
C 
f 
g 
h 


2, in. 

2 in. to 24 in.; V-shaped break 

2 in. broke evenly 

2 in. V-shaped break 

8 at 13 in.; broke evenly 

1 at 13 in.; broke evenly 
10 at 134 in.; 3 at 12 in.; V-shaped break 
10 at 13 in.; 1 at 12 in. broke evenly 


SERIES C 


(A) Tiles 2 in. by 5] in. by x in., color buff 


CONOOF WN FH 


1 in. to 14 in.; broke evenly 

1 in. by every { in. to 23 in.; broke evenly 
1 in.; V-shaped break 

1 in. to 14 in.;. V-shaped break 


‘5 at 11 in.; broke evenly 


1 at 14 in.; broke evenly 
2 at 14 in.; V-shaped break | 
6 at 14 in.; V-shaped break 


(B) Tiles 2 in. by 5% in. by 7 in., color red 


CONDOR WD 


in. by every ¢ in. to 1 in.; broke evenly 

in. by every ¢in. tol in.; broke evenly 
in. by every 3} in. to 14 in.; V-shaped break 
in. to ? in.; broke evenly 

at 1 in.; broke evenly 

at 1 in.; broke evenly 

at 1 in.; broke evenly 

at 1 in.; broke evenly 


NIF NIK IH NIH 
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(C) Tiles 44 in. by 44 in. by 3% in., color buff 


1 
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3 in. by every ¢ in. to 3? in.; V-shaped break 
3 in. to 33 in.; V-shaped break 

3 in. by every } in. to 4 in.; V-shaped break 
3 in. by every + in. to 5 in.; even break 

2 at 33 in.; V-shaped break 

6 at 33 in.; even break 

1 at 33 in.; V-shaped break 

1 at 33 in.; even break 


(D) Tiles 43 in. by 44 in. by ¥% in., color red , 


1 


oF Ww bd 


2 in. to 2} in. to 23 in.; V-shaped break 
2 in.; even break 

2 in.; even break 

2 in. to 23 in. to 24 in.; V-shaped break 
2 at 2 in.; V-shaped break 


TESTS OF FLOOR TILE : 243 


6 1 at2in.; V-shaped break 
1 at 2 in.; V-shaped break 
5 at 2 in.; even break 


CON 


VERMONT MARBLE 


2 in. by every + in. to 6 in.; even break 

2 in. by every } in. to 44 in.; even break 

2 in. by every } in. to 32 in.; even break 

2 in. by every + in. to 62 in.; even break 

10 at 43 in.; 4 at 5 in.; even break 

10 at 43 in. Mine en: 10 at 53 in.; 10 at 6 in.; 1 at 64 in. 
even brenlc 

7 8 at 43 in.; even break 

8 4 at 4} in.; even break 


amr WN Re 


Impact on Plaster Bed. This test seemed to suggest a better 
reproduction of the conditions which tile may be subjected to in 
use. Although there is no theory for determining a modulus 
from these tests, a work of drop per unit width of tile will give 
some idea of the strength of the tile and’ at the same time a basis 
for comparison of the different tile. 

- The machine used in this test was the same machine used in 
_ the previous test of impact on knife edges. The bed was formed 
by filling in between the knife edges with plaster of paris, and 
sand papering down until the plaster was smooth and formed a 
continuous plane surface between the knife edges. 

No effort was made in these tests to break the piece by a number 
of blows from the same height. The tests were made by starting 
the hammer at a drop slightly less than that required for rupture, 
and increasing the height each time by increments of 1 inch until 
fracture occurred. 

The method of reducing this see is by simply multiplying the 
drop at rupture by the weight of the hammer (3 lbs.) which gives 
the work done on the tile, and dividing this by the width of the 
tile, 1.e., 


Ce eee”. (5) 
Ww Ww 
where C’=the work in ins.-lbs. per inch of width, required to 
rupture the tile 
G=the weight of the hammer=3 lbs. 
h=the height of drop at rupture in inches 
w=the width of the specimen in inches 
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The values computed for C’, by (5) for the various tile are 
given in Table II. 


TABLE II.—SERIES A 
























































NO. COLOR h | w Ge | NO. COLOR leap Kae 
ans.jins.| Ibs. ins.jins.| Ibs 
(1)i Buff 442] 6.0] (2)1 Red 2293.0 
j Buff 3} 2) .4,.5 ] Red 3|2| 4.5 
k Buff Ot Dat Aon) k Red Di mule OO 
] Buff 3°21 4.54 l Red 2) 2 oO 
‘ein Buff 10|6 |) 5.0} 4) Red 8} 6; 4.0 
j Buff TSG S62 om! J Red 5) 6.| 2.5 
k Buff 15LOV tine | k Red 8|6| 4.0 
I Buff U3 BO ae ha | l Red 10} 6 | 5.0 
(5)a White 83} 8.0] (6)a Light blue 10) 3 | 10.0 
b White Go lan 7e0 b Light blue 813 | 8.0 
c | White TSS Ose eee Light blue Go O.0 
d White (ipesys er 65.W d Light blue 6| 3 | 6.0 
eC White 12) B20 e Light blue 10} 3-1'10:0 
(7)a Pink 9 3/ 9.0} (8)a Dark blue Vibes rier pa! 
b Pink 10.34.5004) ig Dark blue ics alah, 
c Pink Tome chaOal Cc Dark blue 93) 9.0 
d Pink 6} 3 | 6.0 | d Dark blue Visser ea) 
(9)a | Dark green 6,3 |} 6.0 (10)a Med. green 12) 3 | 12.0 
b| Dark green 613 1 6.0 b Med. green Sis 1 orU 
c | Dark green Cot are Cc Med. green Cissy ane al 
d! Dark green 613 | 6.0 d Med. green 93) 9.0 
(1l)a| Light green 8/3) 8.0 |(12)a Pearl gray 6} 3 | 6.0 
b| Light green Sposa O0 b Pearl gray 6) 3.7.6.0 
c | Light green Torin SiO) c Pearl gray Sid be o.0 
d| Light green Vio te 0 d Pearl gray 93 | 9.0 
(13)a| Flint gray 9) 42; 6.2 |(13)¢ Flint gray 6| 44) 4.2 
b| Flint gray | 13] 44] 9.2 | d Flint gray 18} 43 12.7 
SERIES B 

| ‘ : 
(1)i Buff BANOS 0. NC ‘Red PO tg 
j Buff 2 12 asa) j Red 122 185 
k Buff 212 3.0 k Red 1/2 1 
] Buff 2 12 3.0 ] Red 12 1.5 
(IIT)i Buff 5 4335) 3.6 | (IV)i Red 2433; 1.4 
j Buff 5 43%} 3.6 j Red 24% 1.4 
k Buff 5 4,3: 3.6 k Red 3)/433;| 2.2 
] Buff 6 43; 4.3 ] Red 443) 2.9 
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TABLE II.—Continued 






































SERIES C 
NO. COLOR h|w Ge NO, COLOR h|w of 
(A) 9 Buff Pe 1 5 1i(B) 9 Red Ze boat) 
10 Buff BiWwoals o.0 10 Red Ere Acs 
ict Buff 12 15 11 Red 212.) 3:0 
12 Buff £}2 1% 12 Red 1 a a ee 
(C) 9 Buff 4|41| 2.8 |(D) 9 Red SB 4h] «2.1 
10 Buff 4| 41] 2.8 10 Red 4| 41) 2.8 
11 Buff 5 | 44) 3. BL: Red 5 | 44) 3.5 
12 Buff 4) 41) 2.8 12 Red 5 | 44, 3.5 
VERMONT MARBLE 
9 White CS el as 11 White ao Boo 
10 White 8|6]| 4.0 12 White 9°6 | 4.5 
































These values give the following average value of C’ for different 
tile: 





MAKE 





COLOR 
° ‘ f Vermont 
Series A Series B | Series C Marble 
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The details of the impact test on plaster bed are as follows: 


SERIES A 
(1) Tiles 2 in. by 6 in. by 3% in., color buff 
i 4in.; even break 
j 3in.; V-shaped break 
k 2 in.; even break 
1 31in.; V-shaped break 
Average =8 in. 
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-(2) Tiles 2 in. by 6 in. by % in., color red 
i 2 in.; even break . 
j 3in.; even break 
k 2 in.; even break 
1 2 in.; even break 
Average =23 in. 


(3) Tiles 6 in. by 6 in. by 7% in., color buff 
i 10in.; V-shaped break 
j 13 in.; even break 
k 15 in.; splintered 
1 15 in.; splintered 
Average = 13} in. 


(4) Tiles 6 in. by 6 in. by 7% in., color red 
i 84in.; even break 
j 5 in.; even break 
k 8 in.; V-shaped break 
1 10 in.; even break 
Average =7? in. 


(5) Tiles 3 in. by 3 in. by 7% in., color white 
8 in.; splintered 
7 in.; even break 

11 in.; splintered 
7 in.; splintered 

12 in.; splintered 

Average=9 in. 


Come Of 


(6) Tiles 3 in. by 3 in. by x in., color light blue 
10 in.; splintered 
8 in.; V-shaped break 
6 in.; splintered 
6 in.; V-shaped break 
10 in.; even break 
Average=8 in. 


oc OT 


(7) 3) in. by 3:in: ‘by. 44.102), color pink 
a 9 in.; splintered 
b 10 in.; even break 
c 7 in.; splintered 
d 6 in.; splintered 
Average=8 in. 
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(8) 3 in. by 3 in. by x in., color dark blue 
a 7 in.; V-shaped break 
b 7 in.; splintered 
c 9 in.; splintered 
d 7 in.; splintered 
Average=7> 1n. 


(9) 3 in. by 3 in. by x5 in., color dark green 
a 6 in.; splintered 
b 6 in.; even break 
ec 7 in.; splintered 
d. 6 in.; even break 
Average = 63 in. 


(10) Tiles 3 in. by 3 in. by 3x in., color medium green 
a 12 in.; splintered 
b 8 in.; splintered 
ce 7 in.; splintered 
d 9in.; splintered 
Average =9 in. 


(11) Tiles 3 in. by 3 in. by 7 in., color light green 


a 8 in.; splintered 

b 5 in.; even break 

c 7 in.; splintered x 
d 7 in.; splintered 


Average = 6% in. 


(12) Tiles 3 in. by 3 in. by 3% in., color pearl gray 
6 in.; splintered 
6 in.; splintered 
8 in.; splintered 
9 in.; splintered 
Average=7% 1n. 


aocT fe 


(13) Tiles 44 in. by 42 in. by 3 in., color flint gray 
a 9 in.; splintered 
b 138 in.; splintered 
ec 6in.; even break 
d 18 in.; splintered 
Average=113 in. 
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SERIES B 


(I) Tiles 2 in. by 6 in. by 3% in., color buff 
i 2in.; even break 
j 2in.; even break 
k 2in.; even break 
1 2 in.; even break 
Average =2 in. 


(II) Tiles 2 in. by 6 in. by 3% in., color red 
i 1in.; even break 
j 1lin.; even break 
k 1in.; even break 
| lim; even break 
Average=1 in. 


(III) Tiles 4,3; in. by 4,3; in. by 3 in., color buff 
i 5 in.; even break 
j 5in.; even break 
k 5in.; V-shaped break 
1 6in.; even break 
Average =5¢ in. 


(IV) Tiles 433; in. by 4,3; in. by x in., color red 
i 2in.; even break 
j 2in.; V-shaped break 
k 3 in.; even break 
1 4 in.; even break 
Average = 23 in. 


' SERIES C 


(A) Tiles 2 in. by 53 in. by 3% in., color buff 
9 1in.; even break 
10 2 in.; even break 
11 1 in.; even break 
12 1in.; even break 
Average =1j in. 


(B) Tiles 2 in. by 5 in. by 35 in., color red 
9 2 in.; even break 
10 1 in.; even break 
11 2 in.; even break 
12 1 in.; even break 
Average = 1} in. 
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(C) Tiles 44 in. by 42 in. by ¥ in., color buff 
9 4 in.; even break 
10 4 in.; V-shaped break 
11 5in.; V-shaped break 
12 4in.; V-shaped break 
Average =4} in. | 


(D) Tiles 4} in. by 44 in. by 3% in., color red 
9 3in.; even break 
10 4in.; even break ~ 
11 5 in.; broke in quarters 
12 5 in.; even break 
Average =4} in. 
MARBLE 
Vermont marble 6 in. by 6 in. by 7 in., color white 
9 7 in.; even break 
10 8 in.; even break 
11 7 in.; even break 
12 9in.; even break 
Average=72 in. 


Impact Test with Ball Drop. After these tests were started, 
the criticism was made that in the Impact Test on Plaster Bed a 
ball and not a knife edge should be the medium through which 
the blow was transmitted to the test piece. The reasons given 
for this were two, namely; (1) the ball more nearly represented 
the condition met with in practice, it being thought that this was 
similar to the corner of a trunk or similar article striking the floor 
a sharp blow, and (2) the results would be more uniform in that 
the width of the tile would not enter. Whether or not the first 
reason carries any weight is a matter of conjecture. In regard 
to the second, the results show that the height of drop at fracture 
is not directly dependent on the width of the tile, but for compari- 
son of results the tile must be of the same width. In other words, 
the width enters to a less and more vaguely defined extent in this 
test than in the test when the knife edge is used. 

‘This test is an exact duplicate of the Impact Test on Plaster 
Bed previously described, with the exception that a hemisphere 
about 2 inches in diameter, was attached to the drop in place of 
the knife edge. The weight of the drop was kept at three pounds. 
In making the test the tile were put directly under the drop so 
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TABLE III.—SERIES A k 
(1) 2in. by 6in. by x4 in. buff (2) 2in. by Gin. by zs in. red 


(q) 5in. (q) 3in. 
(r) 7 in. (Tons 
(s) 3in. (s) 3 in. 
(t) 3in. (t) 3in. 
(u) 4 in. (u) 3 in. 
average =4’’.4 average =3 ’’.0 
(3) 6 in. by 6 in.by 75 in. buff (4) 6 in. by 6 in. by z in. red 
(q) 5 in. (q) 3 in. 
(ryzGin: (r) 3 in. 
(s) 7 in. (s) 3 in. 
(t) 4 in. (t) 31in. 
(u) 6 in. (u) 3 in. - 
average =5'’.8 average =3'’.0 
(5) 3 in. by 3 in. by 3% in. white (6) 3 in. by 3 in. by 7% in. ight blue 
(q) 7 in. (q) 6 in. 
(iC) a7 aie (TF Ins 
(s) 8 in. (s) 9 in. 
(t) 7 in. (t) 10 in. 
(u) 7 in. (u) 10 in. 
average =7''.2 average =8'’.4 
(7) 3in. by 3 in. by 7% in. pink (8) 3 in. by 3 in. by 75 in. dark blue 
(q) 5 in. (q) 4in. 
(r) 4in. (r) 4in. 
(s) 5in. (s) 5 in. 
(4) Sins (t) 6 in. 
(u) 5 in. (u) 5 in. 
average =4’’.8 average =4'’.8 


(9) 3in. by3in. by yin. darkgreen (10) 3in. by3in. by 7% in. medi. green 


(q) 8 in. (q) 9 in. 
(r) 9 in. Cr). Si 
(s) 6 in. (s): 5:in:; 
(t) 5 in. (t) 9 in. 
(u) 9in. (u) 8 in. 
average =7''.4 average=7''.2 


(11) 3in. by 3in. by xin. light green (12) 3in. by3in. by 7% in. pearl gray 


(q) 10 in. {q)sfsine 
Coe h (r) Sin. 
(s) 7in. a ey (5 es 8 
(t) 9 in. (t) 9 in. 
(u) 8in, (u) 7 in. 


average =9’’.0 average =8’’.0 
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TABLE II.—Ccntinued 
SERIES A 


(13) 44 in. by 44 in. by 3 in. flint gray 
(q) 7 in. 
(lait 
(s) Qin. 
(4) 13'in, 
(u) 10 in. 
average = 10’’.0 


SERIES B 
(I) 2 in. by 6 in. by 4; in. buff (II) 2 in. by 6 in. by x in. red 
(q) 2 in. (q) 2 in. 
ip )e2rin, (r) 2in. 
(s) 2 in. (s) 2 in. 
(t) 3 in. (t) 2 in. 
(u) 2 in. (u) 2 in. 
average =2’’.2 average =2’’.0 


(IIT) 433; in. by 4;3.in. by y;in. buff (IV) 423;in. by 43; in. by x in. red 


(q) 3in. (q) 3 in. 

(r) 4 in. . (r) 4 in. 

(s) 3in. (s) 4 in. 

(t) 3 in. (t) 31in. 

(u) 5 in. (u) 4 in. 
average =3''.6 average =3’'.6 

SERIES C 
(A) 2 in. by 5f in. by {5 in. buff (B) 2in. by 57 in. by 7; in. red 

(q) 2 in. (q) 2 in. 

(r) 2 in. (ft) (2 in: 

(s) 5 in. (s) 2 in. 

(t)2 in; B(tjA2 in 

(u) 3 in. (u) Lin. 
average=2’’.8 average =1/'.8 


(C) 44 in. by 44 in. by in. buff (D) 44 in. by 44 in. by 7% in. red 


(q) 5 in. (q) 3in. 
(r) 4 in. (r) 2 in. 
(s) 5 in. (s) 3 in. 
(t) 4 in. (tiec in. 
(u) 5 in. (u) 3 in. 


average =4’’.6 average =2’’.6 
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TABLE III.—Continued 
VERMONT MARBLE 
6 in. by 6 in. by x in. white 
(17 Ouiite 
(18) 8 in. 
(19) 7 in. 
(20) 6 in. 
(21) 6 in. 
average =6’’.6 
that the ball hit it in the center. There was no uniformity of 
break observed except that all the lines of fracture radiated from 
the center where the blow was struck, and in most cases the tile 
was crushed directly below the ball. 

As no form of reduction suggested itself the results are stated, 
as the height of final drop. The initial drop in all cases was 1 in., 
and succeeding drops were increased by increments of 1 in. 

Graphs for this test have been drawn similar to those for the 
impact test on knife edges. See Figs.5 and 6. They form a basis 
of comparison between tile of different size, which is not the case — 
with those for the impact on knife edges, as the blows for this test 
were all started at the same height (1 inch) and increased uni- 
formly 1 inch at a time. 

Comments on Impact Tests. It is realized of course that the 
impact tests are not absolutely accurate. In fact they are not, 
unless so carried out that the energy remaining in the hammer 
after breaking the test piece can be measured, so that by the 
difference in initial and final conditions of the hammer, the work 
absorbed by the test piece can be found. This was not possible 
in these tests. The next best plan, is the one adopted, viz., of 
starting with light blows and increasing the height of the drop of 
the hammer until the tile breaks. 

Another cause of variable results may be the character of the 
supporting surface. It is difficult to get the pieces evenly sup- 
ported on the knife edges, for while these may be straight, the 
tile itself may be very slightly warped. Every tile was carefully 
examined before it was tested, but still minor irregularities might 
escape notice. Uneven support would of course mean variable 
results, due to secondary stresses being set up in the tile. How- 
ever, the writer believes that the supports were even enough to 
make the effect of these secondary stresses practically negligible. 
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ABSORPTION TEST 






In this test the tile used in the Impact on Knife Edges Test were 
weighed and placed in water for approximately 48 hours with all 
but one surface covered. At the end of this time, they were taken 
out, the water wiped off the faces, and weighed again. ‘The per- 
cent absorption was computed from the following formula: 


W'-W 
A= X 100 } (6) 


where Z = the percent absorption 
_W = the dry weight 
W’= the wet weight 
The results for this experiment are shown in Table IV. 
Table V gives the average, maximum, and minimum values of 
absorption for the various tile tested. 
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TABLE IV.—SERIES A 
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NO. COLOR A NO. COLOR 
percent 
aa Buff 3.36 (2)a Red 
b Buff 4.42 b Red 
c Buff 4.89 c Red 
d Buff 5.43 d Red 
e Buff 4.74 é: Red 
f Buff OF15 f Red 
g Buff BEOYs g Red 
h Buf « 2.75 h Red 
(3)a Buff 3.05 (4)a Red 
b Buff 3.85 b Red 
Cc Buff 3.43 Cc Red 
d Buff 3.69 d Red 
e Buff 4.16 e Red 
f Buff 5.24 f Red 
g Buff onte g Red 
h Buff 4.64 h Red 
(5)a White 0.06 (6)a Light blue 
b White 0.01 b Light blue 
c White 0.01 c Light blue 
d White 0.07 d Light blue 
e White 0.00 € Light blue 
(7)a Pink 0.84 (8)a Dark blue 
b Pink 0.48 b Dark blue 
C Pink 0.44 c Dark blue 
d Pink 0.72 d Dark blue 
(9)a Dark green 0.00 (10)a Medium green 
b Dark green 0.00 b Medium green 
c Dark green 0.00 ¢c Medium green 
d Dark green 0.02 d Medium green 
(l1)a Light green 0.03 (12)a Pearl gray 
b Light green 0.01 b Pearl gray 
c Light green 0.00 c Pearl gray 
d Light green 0.00 d Pearl gray 
(13)a Flint gray 0.02 (13)e Flint gray 
b Flint gray 0.05 d Flint gray 














A 


percent 
5.31 
9.14 
4.26 
4.72 
6.20 
4.62 


» 4.35 


5.41 
3.96 
4.09 
5.10 
4.51 
4.51 
5.35 
2.84 
4.12 
0.01 
0.02 
0.00 
0.00 
0.03 
0.04 
0.02 
0.04 
0.05 
0.00 
0.00 
0.00 
0.00 
0.00 
0.04 
0.00 
0.04 
0.00 
0.01 
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TABLE IV.—Continued 

































































SERIES B 
NO. COLOR A NO. COLOR A 
percent percent 
(I)a Buff 5.44 (Ila Red 6.25 
b _ Buff 5.68 b Red 4.59 
c Buff 4.85 c Red 6.89 
d Buff 5.94 d Red 8.06 
e Buff 4.70 e Red 6.30 
: Buff 6.50 f Red 7.61 
g Buff 5.91 g Red 6.95 
h Buff 5.67% h Red 5.84 
(III)a Buff 5.66 (IV)a Red 6.20 
b Buff 5.04 8) Red 5.52 
c Buff 4.80 c Red 6.00 
d Buff 5.29 d Red 5.35 
e Buff 5.54 e Red 5.58 
f Red 5.29 f Red 5.10 
g Buff 5.29 g Red 4.44 
h Buff 14.72 h Red 8.31 
SERIES C 
(A)1 Buff 10.41 (B)1 Red 3.47 
2 Buff 5.66 2 Red 4.94 
3 Buff 522 3 Red 4 23 
4 Buff (Eee 4 Red roul6 
5 Buff 8.65 5 Red 4 24 
6 Buff 4.86 6 Red 3.78 
% Buff 4.74 a Red 3.46 
8 Buff 10.74 8 Red 4.62 
(C)1 Buff 4.95 (D)1 Red 5.41 
2 Buff 5.40 2 Red 5.54 
3) Buff S75 3 Red 6.01 
4. Buff 5.10 4 Red 5.85 © 
5 Buff 6.60 5) Red 5.02 
6 Buff 6.19 6 Red 6.79 
< Buff Dor 7 Red 7.58 
8 Buff 5.47 8 Red 7.64 
VERMONT MARBLE 
1 White 0.01 5 White 0.05 
2 White 0.00 6 White 0.00 
3} White 0.00 7 White 0.02 
4 White 0.03 8 White 0.00 
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TABLE V—SERIES A 






































COLOR AVERAGE MAXIMUM MINIMUM 
Bute: teehee ert 5.43 275 
PROC Gl 5s. 5 lea mena 4.65 6.20 2.84 
WAIT LO meat ine cl oo. career: 0.03 0.07 ; 0.00 
PVG RUE. sts. eet ea 0.01 0.03 0.00 
Lah echo sa aS 5". 3 an eveeiec e 0.62 0.84 0.44 
APR DLUC Ss. <n. 0 oben ene 0.04 0.05 0.02 i 
AT RISTOEN J scc2) at eee eee 0.00 0.02 0.00 
Medium green.....:...... 0.00 0.00 0.00 
Tnigheereen.: 0.2) ey, os 0.02 0.03 0.00 
Pear leray eds. aan 0.02 0.04 0.00 
Tt OVA ee tes 0.02 © 0.05 0.00 

SERIES B 
ej UTG Conary Bp pei: | hones 5.39 6.50 4.70 
TREC Beer aka tee ee eee 6.18 8.31 4.44 
SERIES C 
1 SATO Py eRe oe SA 6.40 10.76 4.74 
JS C20 8 Ne aie Sa 5.14 | 7.64 3.46 
VERMONT MARBLES 
VV CGE er aor nian AE oe 5/8 | 0.01 | 0.05 | 0.00 





FREEZING TEST 


In this test the tile were first immersed in water until they were 
thoroughly soaked. Then they were submitted to a temperature 
below freezing. After remaining in this freezing temperature 
twenty-four hours, they were taken out and immersed in water 
at room temperature for another twenty-four hours. This proc- 
ess was repeated twenty times, the tile being examined for cracks 
or breaks after each freezing. At the end of the test all the tiles 
were broken to see to what extent the adhesion of the particles 
had been broken down by the freezing. | 

The only effects noted previous to the twentieth freezing were 
as follows: 
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; : f a) Buff tile, Series A, cracked. 

PMS ESI 27 18 ed \ (Ef) Buff tile, Series A, corner broken off. 

: (la) Buff tile, Series A, corner broken off. 

PEM IM GAS ALES 2 an Buff tile, Series A, corner broken off. 
in { (3d) Buff tile, Series A, cracked. 
en areca \ Gg) Buff tile, Series A, cracked. 
After 16th freézing..... (1h) Buff tile, Series A, cracked. 


_ All the other cracks that are reported under the final exami- 
nation occurred during the last or twentieth freezing. 
The report of the final examination is shown in Table VI. 


TABLE VI—SERIES A 


Buff Red 
(1) a sound (2) a sound 
b sound b sound 
ec sound e sound 
d sound d sound 
e sound e sound 
f sound f sound 
g sound g sound 
h cracked. Broke up easily. h sound 
Brittle. 
Buff Red 
(3) a surface crack (4) a sound 
b sound b cracked. Broke with diff- 
culty 
ec sound ¢ sound 
d cracked. Broke up fairly d sound 
easily 
e sound e sound 
f cracked. Broke easily f sound 
g cracked. Broke with g sound 
difficulty 
h cracked. Broke with h sound 
difficulty 
SERIES B 
Buff Red 
(I) a sound (II) a sound 
b sound b sound 
ec sound ce sound 
d sound d sound 
e sound e sound 
f sound f sound 
g sound g. sound 
h sound h sound 


(IIT) 


(A) 


(C) 


or WN Ee = 09 EA) Oye) Of) 


“Io 


WANODOOFP WN 


Buff 
sound 
sound 
sound 
sound 
sound 
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TABLE VI.—Continued 
SERIES B 


cracked. Broke w.th 


difficulty 
sound 
sound 


Buff 
sound 
sound 
sound 
sound 


(IV) 


SERIES C 


cracked. Broke with 


difficulty 
sound 
sound 
sound 


Buff 
sound 
sound 
sound 
sound 
sound 
sound 
sound 
sound 


(B) 


(D) 


a 


to CDi aComn 


Da 79 


Red 


sound 
sound 
sound 
sound 
sound 
sound 


sound 
sound 


Red 


or WN eH 


“Im 


sound 
sound 
sound 
sound 
sound 


sound 

sound 

cracked. Broke with 
difficulty 


Red 


CONDOR WN 


sound 
sound 


* sound 


sound 
sound 
sound 
sound 
sound 
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sound 
sound 
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It will be noted that not one of the tile broke from the effect 
of the freezing, that is, when the final examination was made, 
though several were cracked, none were found broken. 


ABRASION TEST 


These tests were made on the Riehlé Abrasion Testing Machine 
in the Laboratory of the College of Civil Engineering, Cornell 
University. This machine is shown in Plate II. It consists of 
a revolving table, about four feet in diameter, of machinery cast 
iron on which the test piece was held by a pair of jaws that were 
moved back and forth at a slow rate along a diameter of the table. 

The table was revolved at a speed of approximately 1500 rev- 
olutions per hour. The abrasion material was a pure silica sand 
obtained by crushing quartz rock. This sand was furnished by 
the Silica Products Company, of Lancaster, Pa. Only that 
portion of it which passed through a number 20 and stopped on 
a number 30 sieve was used in this test. The tile was placed on 
the revolving plate of the machine and held there for 1500 revolu- 
tions, several different pressures being tried as shown in the tables 
given below. Two liters of dry sand were fed on to the table at 
a uniform rate. 

At the end of the test, the thickness was measured at eight 
different points, and the mean of these taken. The original thick- 
ness was z's inch, and so the loss in thickness was expressed in per- 
centage terms of the original thickness. The reason the results 
are not expressed in weight loss is because some of the tile, showed 
a tendency to chip on the edges, and hence the loss by weight 
would not mean much. This chipping might be ascribed to faults 
in the design of the machine, were it not for the fact that the chip- 
ping was confined to the buff tile. Both the red and buff tile 
showed a tendency to groove somewhat on the abraded surface. 
The results follow: 
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Plate II. Riehle abrasion testing machine 
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Weight applied, 4.25 pounds per square inch, tile 2 by 6 inches. 











SERIES COLOR PERCENT LOSS IN THICKNESS 
AS OR fone Bias a ae cae Buff 12721 
AG £0 apts hak See ee eee Red 21.24 
|S Rabe PRONE AY hI Cay cig A Buff BL Od 
Bose ORME Oe Red Don0o 
(Oe) DR ae se ene Buff 29.80 
Cea st ltret sie as, ue a) Red 18.438 








Weight applied, 4 pounds pér square inch, tile 44 by 44 inches. 














B fi. Buff 14.32 
ae atime sista: fevcrns Relais Seared ates th i Red ARG 
i [ Buff 21.14 
Pe okt Berg SALE hs atria: Se yee ice) i Red ¥ 6.89 
- Weight applied, 3.75 pounds per square inch, tile 6 by 6 inches. 
eo i Buff 8 2 3.78 
Ome CC) ay es ce eee cy Ae), ok \ Red 12.00 


Vermontwmarbles..2.7.5. Je). Xi ae ED as ce NG Ge eae 57230 





~ Lack of time prevented me from carrying out the abrasion tests 
in much detail, and yet the above figures are not without interest. 
As might be expected, the loss increases, with the pressure. In 
both Series A and B, the buff tile show higher abrasive resistance 
than the red, but in series C the reverse appears to be true. How- 
ever further tests must be made to definitely settle this point. 
The high abrasive loss of the Vermont marble floor tile was not 
unexpected. 
TRANSVERSE TEST 


This test was performed by resting the tile on two hardened 
steel rollers, 2 inch in diameter, and transmitting the load through 
another roller, 3 inch in diameter, placed parallel to the support- 
ing ones and in the middle of the span as shown in Figure 7. This 
whole apparatus was placed in an ordinary 10,000 pound Olsen 
crushing machine in the laboratory of the College of Civil Engi- 
neering, Cornell University, and the load applied and measured 
in this way. The rollers were held exactly in place by wooden 
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templates, and the load was applied gradually and continuously 
from start to failure. 

It is well known that with short spans the piece subjected to a 
transverse load is quite as likely to fail by shear (or the combina- 
tion of shear and tension) as by tension and compression alone. 
For this reason care was taken in every instance to examine the 
break. In all cases the break was vertical and occurred directly 
~ under the load, where the shear passes through zero. Hence it 
is thought that the moduli of rupture obtained from these tests 
are reliable. If shear had helped cause the failure, the break 
would have been diagonal and at some point between the support 
and the load. 


V’2018. 0077. Céf-7. 306 bol AVY FIG. 7 | OCorrior 
es “ 75 
eee > 


| 











2 
VONEVECrSE JCS 


The modulus of rupture was computed from the regular formula: 


a ed! 
fe D bh? (7) 


where f = the modulus of rupture in lbs. per sq. in. 
p = the breaking force in pounds. 
1 = the span in inches. 
6 = the width of section in inches. 

. h = the depth of section in inches. 

For all the buff and red tile tested, the span was 4 inches and 
the depth of the section 7% inches, so that for this case equation 
(7) reduces to: 

Sie 84 P Pp 


aE OLS a ee 8 
Re it aR OINCICo am b (8) 


For all the rest of the tile, except the flint gray of Series A, the 
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span was 24 inches, the width was 3 inches, and the depth was 


35 inches, so that for this case equation (7) reduces to 


325 ee 
AK (ae) tt 38 
The values of f given in Table VII have been computed from 
the results obtained, using equation (8) for the buff and red tile, 


equation (7) for the flint gray tile and equation (9) for all the other 
tile. The Vermont Marble was figured from equation (8). : 





f= ee sro sie (9) 


TABLE VII—SERIES A 





| 




















NO. COLOR P b | i, Sano. COLOR P b if 
| Bs. jins.| 8 Ber | Ibs. jins,| 28- Per 
(1)m Buff | 294.712 4620 || (2)m Red 285.6) 2 | 4470 
n Buff | 400.7; 2 | 6290 n Red 272.2) 2 | 4270 
O Buff | 519.2} 2 | 8140 O Red 238 .9| 2 | 2744 
p Buff 515.2) 2 | 8080 | --p Red 252:2) 2°7 3960: 
(3)m Buff 918.91 6 | 4800 | (4)m Red 481.7) 6 | 2520 
n Buff | 705.31 6 | 3690 n Red 537.2} 6 | 2805 
O | Buff 1000.6) 6 | 5250 O Red 643.7] 6 | 3360 
p Buff 789.41 6 | 4120 p Red 376.9] 6 | 1967 
(5)f Whiter 125320 8180 | (6)f | Light blue | 788.3 5148 
g White j1179.21" Sn=7690 g | Light blue | 669.5 4366 
h White (1126.2) | 7350 h | Light blue | 922.6 6022 
i White 1180.1 7700 1 | Light blue |1036.7 6770 
(7)f. Pink — 699.4 4560 | (8)e| Dark blue | 971.1 6340 
g Pinks 714.7) 2660, |= f° | Dark blue 1102372 6680 
h Pnk  .| 742.5, -| 4850 g | Dark blue | 772.0) | 5040 
i Pink 535.3} | 3500 h | Dark blue |1166.0 7600 
(9)e | Dark green} 906.6 5910 || (10)e | Med. green /1132.1 7390 
f | Dark green! 924.4, | 6030 f | Med. green |1214.7 7940 | 
g | Dark green| 545.8 3560 g | Med. green |1065.0 6950 
h | Dark green} 828.0 5400 h | Med. green |1134.0 7410 
(11)e | Light green} 721.8 4710 || (12)e} Pearl gray |1029.1 6720 
f | Light green} 954.9 6240 f | Pearl gray | 639.7 4180 
eg | Light green /1100.0 leu g | Pearl gray | 519.8 3390 
h | Light green /1248.1/ | 8150 h | Pearl gray | 775.1 5060 
(13)e | Flint gray |1017.2 3680 | (13)e | Flint gray {1442.7 5220 
f | Flint gray {1170.7 4240 f | Flint gray |1367.0 4950 


























@ 
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TABLE VII.—Continued 










































































SERIES B 

NO. COLOR P b if NO. | COLOR Iz b a 
tbe. fins.) "sper | ; - Tbs. | ine.) 28. Ber 
(I)m Buff 315.5/2 4885 (II)m Red 210.8/2 | 2520 
n Buff 204 . 512 3205 n Red 197.1/2 | 2805 
O Buff 285. 7/2 4475 ||. O Red DOAN S300 
p Buff j 249.0/2 3900 | p Red 191.0\2 | 1967 
(IIT)m Buff 568 91433) 4255 (IV )m Red 243 .5|433;| 4470 
n Buff | 669.2/4;3; 5010 | n Red 255 .2|435| 4270 
oO Buff 455.3/433| 3415 O Red 388 .8)4335| 2744 
p Buff 530.8/453; 3980 p Red 318 .0/4;%; 3960 

SERIES C 
(A)13 Buff 201.8) 2 3635 (B)13 Red 249.0) 2 | 3304 
14 Buff 188.8) 2 2956 14 Red 200.2} 2 | 3088 
15 Buff 240 .4¢| 2 3846 15 Red 189.8] 2 | 3482 
16 Buff 218.7| 2 3432 16 Red 237 .0| 2 | 2994 
(C)13 Buff 436.8) 44) 3223 (D)13 Red’ | 484.7) 44) 1821 
1 Butt 419.2) 44) 3086 14 Red 443.3) 44) 1910 
ks jeiljotoal Sk hay 589.3) 44, 43845 15 Red 263.2} 44) 2912 
16 Buff 536.0) 44; 3959 16 Red 573.9] 44) 2308 
VERMONT MARBLE 

1 White 367.8) 6 1921 3 White | 452.5) 6 | 2365 
2 White | 528.0) 6 2758 4 White | 626.0) 6 | 3275 


























The average value of the modulus of rupture for the various 
tile are: 




















COLOR SERIES A SERIES B SERIES C Mcaneey 

Bee ates ee Pee 5624 4141 3560 

Peete Dy ict oes ed dia ges 3262 3262 2725 ene 
VCE 1 fe aie es ee 7730 ipa as 2580 
10.7268 01001 01 CTY eh ee ee 5576 en rere 
Je Gi ei Ra aS 4392 

Dark Die rio. 2 rik. + 6415 

Dark preen.00))../0 04. 5225 

Medium green......... 7422 

TA ST CCIN sts iuG 3 an 4572 

PG AE OLAV aiid ks cto eases 4887 

PRM PEAY OU vlan jad ss: 4522 
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DISCUSSION OF RESULTS 


The Transverse Test as it stands is of little value in determin- 
ing the quality of tile for actual use, but it is exceptionally good 
for the comparison of various tile as the methods under which it 
is performed make its results very reliable. 

The opposite is true of the Impact Test. That is, its results 
are of great practical value in determining the resistance the tile 
will offer to blows while in use, but the conditions under which it 
is performed make its results very unreliable. This is due to the 
difficulty of transmitting all the power of the hammer to the test 
piece, and to the fact that the piece is struck several times before 
it is broken. As a result a great many tests must be made to get 
an average that is anywhere near an accurate value. 

It is thus quite evident that a simple relation between the re- 
sults of the Transverse and Impact Test will be of great value, 
by allowing the breaking strength under Impact to be figured 
from the_more reliable Transverse Test results, the modulus of 
rupture. The same is true both of Impact on Plaster Bed and 
Impact on Knife Edges. 

An attempt has been made to determine such a relation in the 
curves shown in Figures 8 and 9. Here the average values of the 
various color and make of tiles for the modulus of rupture (ab- 
scissae) have been plotted against the unit breaking strength for 
impact (ordinates) in the R-f curve (Fig. 8); for the C’-f curve 
(Fig. 9.) the values of the work per inch of width required to break 
the tile on Plaster Beds (ordinates) has been plotted against the 
modulus of rupture (abscissae). 

In drawing these curves there are two points evident. One is 
that the curve must pass through the origin, for when the modu- 
lus of rupture is zero the unit breaking strength for impact must 
also be zero. The other is that whatever curve be drawn it is at 
most only approximate, hence the simplest curve possible is 
desirable. 

A parabola with its vertex at the origin fits these conditions 
best. The direction the parabola points depends on the location 
of the points through which the curve must be drawn. From 
this the parabola should open toward the right for the R-f curve, 
and upward for the C’-f curve. 
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The general equation for these parabola is 


y= px (10) 
for the R-f curve, and 


= py | (11) 


for the C’-f curve. Substituting the various values for f, & and 
C’ in these equations, solving for p, and then taking the average 
value of p, we get | 


R?=11,525 f (12) 
and f2= 4,688,000 C’ ) (13) 


Eliminating f between these two equations, we get for a rela- 
tion between R and C’ 


R?= 24,970,000 C’ (14) 


It has been suggested that a similar relation be established be- 
tween the modulus of rupture and porosity. This was attempted 
but failed, because no sufficient relation of this nature was found 
to exist, probably because too many factors besides the porosity 
enter into the strength of the tile. 

A relation between the modulus of rupture and resistance to 
wear might be expected. The abrasion test, though, proved such 
a failure that no such curve can be drawn here. The writer is 
confident, however, that there is much to be learned from such-a 
relation and suggests it for a line of future investigation. 


CONCLUSIONS 


_ The foregoing tests bring out in an interesting manner the prop- 
erties of three well known and widely used sets of floor tile, and 
can probably be used as a basis of what is be to expected of this 
type of ware. 
' It seems to the writer that all the tests made are desirable, and 
the following comments may be regarded as appropriate. 
' Impact Test. The ball drop is no doubt the best and gives 
the most uniform results, as well as simulating the type of blow 
that a floor tile is likely to be subjected to. 

Absorption Test. A tile should show low absorption, to prevent 
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absorption of dirt and also to protect it against frost action, and 
yet an absorption of 6 or 7 percent does not seem to lower its frost 
resistance appreciably. 
~ Freezing Test. If floor tile are to be used indoors this test is 
of no importance, but if they are to be employed for exterior 
pavements, then frost resistance should certainly be tested. 
Transverse Test. It may appear on first thought that this 
test 1s of no importance. If the tile were absolutely flat, and 
rested uniformly in the cement bed, the test might have no value. 
Such is probably not always the case however, and while the trans- 
verse test is the least necessary, it is Just as well to make it. 


STRENGTH CHANGES NOTED IN LABORATORY DRYING 


BY C. H. KERR AND R. J. MONTGOMERY, TARENTUM, PA. 


1. Preface. It has been a very common experience in making 
strength tests of raw clays to obtain very erratic results. A study 
of these variations led to an investigation of the strength changes 
accompanying the drying of small clay bars in the laboratory. 
The first work undertaken was to show the relation between 
strength and percent of moisture in bars that were practically free 
from moisture, but this in turn led back to a further investigation 
of the strength changes taking place at the earlier stages of the 
drying. ) ; 

2. Method of Testing. In carrying on the experiment two 
batches were used: (1) St. Louis fire clay alone; (2) 50 percent 
“St. Louis fire clay and 50 percent grog composed entirely of 
burned clay of the same sort. About 50 bars of each batch were 
made (5 in. by 14 in. by 2 in.), these being molded by hand when 
mixed to the best working plasticity. By repeated weighings 
throughout the drying it was. possible to break each bar when it 
had lost a suitable amount of water to place it at any desired point 
along the curve. 

After the bars had reached constant weight drying in the air, 
some were further dried over sulphuric acid at atmospheric temper- 
ature. In this way bars made from the St. Louis clay alone were 
carried down to 0.5 percent water while originally they had con- 
tained 26.6 percent, all figures on moisture content being based 
upon the dry weight. With the 50 percent grog samples the water 
content was reduced to 0.1 percent while orginally it had been 17.6 
percent. When by its loss in weight any given bar was found to 
have lost the required amount of water to place it at a desired point 
on the curve, that bar was broken by the transverse method, the 
5 in. bars being supported on knife edges 4 in. apart. From the 
load required to break the bar the modulus of rupture was calcu- 
lated from the formula: 
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nie Se Byes 

2bd? 
or with 1=4 in. the formula becomes 
Ga GE 

bd? 


Sr=modulus of rupture in pounds per square inch. 
P =load in pounds required to produce break. 

b =breadth of bar. 

d =depth of bar. 


3. Data. The modulus of rupture tests gave the results shown 
in the tables below. In Table 1 are given data on the raw clay 
alone (see Figs. 1 and 2). 


TABLE 1.—ST. LOUIS FIRE CLAY 
Modulus of Rupture Changes During Drying 











PERCENT WATER MODULUS OF RUPTURE | PERCENT 
PRESENT BASED ON POUNDS LENGTH METHOD OF DRYING 
DRY WEIGHT PER SQUARE INCH ; SHRINKAGE 
26.6 At start 
18.8 26 2.8 Air-dried 
18.3 43 Be Air-dried 
17.6 48 3.8. Air-dried 
16.4 82 4.8 Air-dried 
15.1 121 Air-dried 
14.8 ee: Dae Air-dried 
12.6 Dae 6.9 Air-dried 
10.9 266 7.6 Air-dried 
10.9 309 eh Air-dried 
10.8 254 8.0 Air-dried 
10.8 285 Leo Air-dried 
10.6 251 8.1 | Air-dried 
10.5 258 |  Air-dried 
10.5 DaTip- 8.2 Air-dried 
10.2 265 8.3 Air-dried 
9.9 243 7.8 | Air-dried 
9.4 278 way Air-dried 
9.1 Zot 8.2 Air-dried 
8.6 331 8.2 Air-dried 
8.4 280 od Air-dried 
8.2 311 7.8 Air-dried 
8.0 288 att Air-dried 
7.8 264 7.8 Air-dried 
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TABLE 1.—ST. LOUIS FIRE CLAY—Continued 





PERCENT WATER MODULUS OF RUPTURE PERCENT 














PRESENT BASED ON POUNDS LENGTH METHOD OF DRYING 
DRY WEIGHT PER SQUARE INCH SHRINKAGH 

7.4 256 See Air-dried 

6.9 | 311 bathe Over sulphuric acid 

6.7 219 8.2 Air-dried 

6:3 291 7.8 Air-dried 

6.2 243 To Air-dried 

5.9 277 7.8 Air-dried 

out 323 8.1 Air-dried 

4.5 302 fits Air-dried 

4.2 321 7.8 Air-dried 

Byeii 333 8.0 Air-dried 

S22 330 7.8 ,Over sulphuric acid 

2.8 320 7.8 Over sulphuric acid 

2A 422 Sal Over sulphuric acid 

2.1 429 8.3 Over sulphuric acid 

1a 494 8.6 Over sulphuric acid 

1.4 365 8.2 Over sulphuric acid 

LO 558 7.8 Over sulphuric acid 

Dee 492 8.0 Over sulphuric acid 

0.5 593 7.8 Over sulphuric acid 

0.5 564 8.3 Over sulphuric acid 

0.5 645 8.2 Over sulphuric acid 
303 7.8 Over sulphuric acid 





In Table 2 are given data on the modulus of rupture tests usmg 
50 percent St. Louis fire clay and 50 percent grog, the grog being 
burned material of the same sort (see Figures 3 and 4). 

4. Summary. These tests made with small bars dried in the 
laboratory under accurate control show the following points, the 
application of the results being limited necessarily to the laboratory 
drying here described. : 

1. The maximum strength of St. Louis fire clay alone was 
reached only when the water content was reduced to less than 1 
percent of the dry weight. With 50 percent grog the water con- 
tent must be reduced to less than 0.5 percent to obtain maximum 
strength. — 3 : | 

2. The maximum strength of both clay alone and grog mixture 
was not attained until long after all shrinkage had taken place. At 
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the time shrinkage was completed, the strength for both clay alone 
and grog mixture was approximately half of the final strength. 

3. With the clay alone no measurable strength was obtained 
until the water content had been reduced from the original amount 
(26.6 percent) to about 20.0 percent. With further loss of water 
the strength increased regularly to about 300 pounds per square 
inch at 11 percent water. With further decrease in water content 
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TABLE 2.—50 PERCENT ST.LOUIS FIRE CLAY, 50 PERCENT GROG 
Modulus of Rupture Changes During Drying 























PERCENT WATER MODULUS OF RUPTURE PERCENT 
PRESENT BASED ON POUNDS LENGTH METHOD OF DRYING 
DRY WEIGHT PER SQUARE INCH SHRINKAGE 

17.6 At start 
15.0 | t.6 Air-dried 
i522 2.1 Air-dried 
Ss | 70 3.0 Air-dried 
1202 68 3.0 Air-dried 
Wey hes 66 2.9 Air-dried 
12.2 | 69 3.0 Air-dried 
DEN | 70 3.0 Air-dried 
10.3 116 3.9 Air-dried 
1Oe2 TLE 4.0 Air-dried 
10.1 118 3.9 Air-dried 
10.0 127 3.8 Air-dried 
TO. 05 tee 129 4.0 Air-dried 
9.6 129 4.6 Air-dried 
OT Dar 133 4.7 Air-dried 
9.2 155 4.8 Air-dried 
9.2 147 4.3 Air-dried 
8.9 154 4.2 Air-dried 
8.9 1 159 4.6 Air-dried 
8.0 171 4.7 Air-dried 
8.0 164 4.9 Air-dried 
8.0 166 4.6 Air-dried 
6 165 4.8 Air-dried 
7.4 150 4.9 Air-dried 
120 157 S20 Air-dried 
6.9 147 5.0 Air-dried 
Gio Gy 4.6 Air-dried 
6.3 138 4.8 Air-dried 
DED 146 5.2 Air-dried 
4.8 150 5.0 Air-dried 
4.5 150 5.2 Air-dried 
3.8 140 apa Air-dried 
Bad 129 5.0 Air-dried 
3.4 136 4.8 Air-dried 
2.8 146 5.0 Air-dried 
Dee, 137 ety) Air-dried 
2.1 138 4.8 Air-dried 
ee 166 4.8 Air-dried 
1.4 196 5.0 Air-dried 
1.4 -201 eG) Air-dried 











| 
| 
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TABLE 2.—50 PERCENT ST. LOUIS FIRE CLAY, 50 PERCENT GROG —Continued 














PERCENT WATER MODULUS OF RUPTURE PERCENT 
PRESENT BASED ON POUND LENGTH | METHOD OF DRYING 
DRY WEIGHT | PER SQUARE INCH SHRINKAGE | 
12 210 | Over sulphuric acid 
11 168 4.9 Air-dried 
al 158 lyn Air-dried 
0.9 168 5.0 Air-dried 
0.9 225 4.6 Over sulphuric acid 
0.8 210 Dae Air-dried 
O27, 194 4.9  Air-dried 
0.7 204. | Over sulphuric acid 
O25 256 520 Air-dried 
0.5 228 5.2 Over sulphuric acid 
0.5 254 Over sulphuric acid 
0.5 271 Seal Over sulphuric acid 
Wer) 250 4.8 Over sulphuric acid 
0.5 312 5.0 Over sulphuric acid 
0.4 323 Over sulphuric acid 
0.4 283 5.0 Air-dried 
0.4 167 5.0 Air-dried 
0.3 282 Over sulphuric acid 
0.1 271 Over sulphuric¢ acid 
0.1 271 4.9 Over sulphuric acid 








from 11 percent to about 3 percent there was no change in strength. 
Below 3 percent water the strength increased rapidly to about 300 
pounds per square inch when the water content was under -0.5 
percent. ; 

4. With the 50 percent grog mixture no measurable strength was 
found until the water content had been reduced from the original 
figure (17.6 percent) to about 12 percent. Further decrease in 
water content was accompanied by regular increase in strength to 
about 155 pounds per square inch at 8 percent water. This was a 
maximum point. Further decrease in water caused a slight decrease 
in strength down to about 3 percent water when the strength was 
about 185 pounds per square inch. Decreasing the water content 
from 3 percent to about 1.5 percent gave small increases in strength 
to about 1.65 pounds per square inch at 1.5 percent water. Below 
1.5 percent water the strength increased rapidly with decrease in 
water content to about 300 pounds per square inch at 0.1 percent 
water. 


A VOCATIONAL SCHOOL FOR CLAY WORKERS 


GEORGE C. GREENER, E.M. IN CER. BOSTON, MASS. 


Have any of you who are gathered here ever stopped to realize 
what a small proportion of our much prized public school education 
reaches the young men and women who are forced into industry for 
a livelihood? 

Have you ever eae to consider that your responsibility to 
these people does not cease when you give them an opportunity to 
work and pay your school taxes? 

Perhaps one of your problems is that of the unskilled industrial 
worker. Let me tell you of a school that solves this problem. 

It is situated in a clay working and ceramic center. Large sums 
of money were not spent on its exterior. It is of the simplest 
American architecture of red brick and white terra cotta trimmings. 
Set among the trees witha foreground of wellkept lawns and shrubs; 
it made a picture. You might take this building for a Carnegie 
library without the familiar inscription, had you not known it was 
designed for laboratories and workshops. 

In striking contrast was the pottery I visited the ether day. I 
waded through mud, past barrel upon barrel of waste material to 
reach the office. This factory produces some of the highest grade 
of American art ware, but its market is local and little of its product 
ever crosses the water. 

Have Japanese employers gone ahead of American employers in 
learning that environment plays an important part, in the quality 
of a workman’s output? They build their potteries in gardens and 
give their workers the most inspiring surroundings. Is this the 
reason we import tons of high grade Japanese wares to fill the gap 
left by our manufacturers? | 

The young men and women entering this school at a quarter to 
eight in the morning surprised me. They were not a bedraggled 
group of uninteresting factory hands beginning the day by half 
wishing it was over. These young people, neatly and simply 
dressed, were bright and animated looking as if something pleasant 
awaited them. 

The director, whom I met on entering, impressed me by the 
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largeness of his nature and the warmth of his personality. He was 
a man well connected with business interests and had owned a 
large terra cotta plant. He showed by his convincing and general 
manner how he had obtained the large financial support and hearty 
coéperation of all the manufacturers in the community. He was 
the rare combination of teacher, technician, business executive and 
thorough gentleman. The community’s great interest in the school 
he attributed to their business foresight. ‘They appreciate the 
increased efficiency and intelligent interest of the workers taught 
in this school.” He said, ‘‘this means naturally a distinct financial 
return to the manufacturer who finds the loss due to disinterested 
and careless handling of wares largely eliminated. 

“The employer’s interest is further enlisted by allowing them to 
inspect the school, to receive help in regard to their particular 
problems and to assist in the choice of men for teachers. They 
occasionally advise us on courses of instruction. In return we 
expect them to supply within reason, models, tools, machinery, 
raw material and important data.” 

The director laid before me the plan of the school and its schedule. 
The morning was divided into hour periods—two for shopwork, two 
for class or round table discussions and one hour for luncheon. 
The afternoon was similarly divided. 

We went into one of the class rooms which presented an unusual 
sight for the traditional school room. My eye caught a large mat 
glazed vase in the center of the room, around which the class had 
gathered. They had not started at the A B C’s of glaze making 
but had begun at the end. This perfect glaze was given to them 
in working formula, to reproduce on a perfect piece of ware. Here 
began the discussion, questions and answers on the geology of the 
feldspar, the china clay, the ball clay, the copper oxide and the iron 
oxide that were all component parts of this glaze. The winning 
of the clays, the preparation of the materials, the body making, 
the glazing process and the firing came in just so far, as they were 
related to the piece of ware which some of this group of young 
people had produced. 

Mathematics, physics and chemistry in abstract are sheer waste 
of time with these people and only the calculations, physics and 
chemistry that relate directly to the problems in hand, are taken 
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up. This glaze was further studied in each component part and 
each alteration studied in its effect on a perfect piece. 

Had I been there at other days I should have seen the same in- 
structional methods used on perfect samples of wall tiles, bricks 
and stone wares. ‘These products were manufactured in the neigh- 
borhood. | 

The next two hours of the morning were spent in the admirably 
designed workrooms and studios. Here the work was wholly 
individual. One youth, whose scholarship had been paid by the 
potter’s union, was enthusiastically making dry pressed tile; two 
were busy at mold making, another lad was making saggers, two 
more were loading a small kiln with decorated vases, each one of 
individual design and workmanship. In one corner the jigger’s 
and potter’s wheel were busily engaged. The atmosphere was of 
real earnestness and cheerfulness. Everywhere the moral effect 
of good work showed clearly through their radiant faces exempli- 
fying the instructor’s words, ‘We must inspire them with a keen 
satisfaction that comes from the thoroughness of work.’’ He, 
like the others of the teaching staff, had been a successful foreman 
in a large clay working plant. 

The idea of correlation prevailed in the studios as well as in the 
class rooms and shops. Original designs were being adaptedto ~ 
definite shapes and forms. Interlacing and repeating designs were 
being worked out for floor tiles to be laid in the school corridors. 
Two girls were modeling spandrels for polychrome terra cotta to 
be placed over the entry of the school. 

If we attempt the monumental task of educating the users of 
ceramic art in this country, we must begin by educating the pro- 
ducers and workers of the art. Why we import tons upontons 
of high grade ceramic work from Japan is not surprising when we 
consider what our factories are willing to put on the market. Vases 
are decorated with lions and elephants regardless of line, form or 
color. Dinnerwares, not only tawdry and clumsy are made, but 
with as little durability as the market will stand. 

In another attractive room a group of healthy young people 
were taking notes on hygiene and first aid to the injured from a 
leading physician. This was to teach the pupils a rational way 
of living, physical and intellectual, with special consideration 
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for workshop sanitation as well as personal hygiene. Special 
emphasis is placed on the structure and care of the human body. 
Nourishment, food values, dwelling houses and clothing, work 
and recreation, gymnastics and open air exercise, trade influences 
injurious to health, more especially the injurious effect of dust 
and gases, lead poison, its effect and cure are all studied. First aid 
for burns, scalds, heat. prostrations, etc., respiration and blood 
circulation are given in shop terms. 

On another day trade history is taught. Business methods and 
forms, time sheets and records in connection with local factories 
are lectured on in regard to their meaning and efficiency. At 
noon, instead of floor corners and benches filled with tired workers 
eating indigestible lunches, I found a cheerful lunch-room where a 
wholesome luncheon was served at cost to the student. This 
room like all the others had been decorated by the different classes. 

The afternoon I spent in one of the tile factories and found, 
carrying on various occupations, many of the same people that I 
had seen at the classes in the morning. Their eager interest in 
their work, their ambition and the understanding of their relation 
to the work of the whole plant easily distinguished them from those 
who had not been especially trained. 

One of the instructors whom I saw in the morning was here a 
a new group of boys, the other half of the shop’s scholars. 

For two weeks one corps of workers attend school in the morning 
while the other corps are in the factory. ‘They return to work in 
the afternoon allowing the morning factory corps to study. This 
arrangement is reversed every two weeks. 

All groups meet for three evenings a week. During the extreme 
busy season classes are not held, but all scholars return to work, 
thereby furnishing the required “‘extra”’ help of unusual capability. 
I was glad to learn that the school gave to groups of men during 
their layoff on account of dull season, etc., short courses in brush 
decoration, glazing, sagger making, kiln setting, mold making, etc. 

When I inquired how these scholars could afford only to work 
half time I was assured that the results had so justified the loss of 
time in the factory that most of them were willing to make the tem- 
porary sacrifice for the larger gain. In some cases, the scholars who 
could not afford to lose any time in the shop received state aid. 
Does this seem unreasonable when we consider that the state gives 
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over $500 to every person who, for economic reasons principally, 
goes through our university? 

Some boys on account of their improvement were remunerated 
by their firms, some were repaid by the union organizations who 
heartily supported such a worthwhile training. 

In the evening I returned to the school where all were assembled 
in a modern lecture hall to hear an educational talk on sex hygiene. 
Next came moving pictures illustrating processes, etc., one reel was 
the winning and preparation of Florida Kaolin, another was a trip 
through the Sévres porcelain factory. 

The social secretary informed me that on other evenings there 
were profitable round table discussions of trade unions, and club 
meetings for the study of civics and government. Occasional social 
gatherings, athletic and gymnastic meets were on the schedule too. 
The evening work is recreational and social. On Sundays the 
library with its technical as well as popular books and magazines | 
and the school museum are open to the scholars and their friends. 
In the afternoon music and lectures on current social topics with 
open discussion are given. 

It is futile and superficial, if not harmful to give work that re- 
quires constructive and creative thinking at the end of the working 
day. 

- a. The main features of this school, therefore, are practical work, 
which has meaning to the student, is made the center of interest. 

6. The active sympathy and codéperation of the state, of em- 
ployers of trade unions and leagues are secured—a mutual combi- 
nation of education and industry. 

c. The time of instruction is sufficient in amount and excellent 
in quality to attract and hold industrial workers. | 

d. Every effort is made to make the scholar a discriminating © 
user as well as efficient producer, to make him a man and a citizen 
who feels the responsibility of his environment. To make him 
fit in body and alert in mind and to prepare him for the rational 
‘enjoyment of his leisure time as well as fit him for earning a com- 
fortable and decent living. 

William Morris, one of the greatest of workmen emphatically 
said, ‘No excellent or beautiful work could come from overworked 
and unenlightened laboring people.’’ ‘Therefore, gentlemen, if 
you care about raising the standards of the American ceramic 
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products, if you, as American citizens care for the welfare of your 
brother, the young industrial worker, see to it that you give him, 
not only the opportunity for work but the chance to grow in his 
work and his life. 


DISCUSSION WRITTEN AFTER READING THE PAPER 


Mr. Hope: Mr. Greener calls attention to one of the greatest 
problems that confronts the manufacturer of today. Poor work- 
manship is, I believe, due almost entirely to lack of interest in the 
work, at least far more than to any want of ability on the part of 
the workers. And yet, is it to be wondered that so many are care- 
less and indifferent to their work and the interests of their employ- — 
ers where no interest isshowninreturn? It is amuch-to-be-regret- 
ted fact that when the state or federal legislatures consider such 
measures aS workmen’s compensation or regulation of child labor, 
the great majority of employers immediately oppose, with all the 
strength that they can muster, any attempt to improve working 
conditions if such improvement means financial sacrifice on their 
part. Such a school as Mr. Greener describes would go far to im- 
prove the situation in the locality where it existed; and although 
the writer is a little dubious about the proposed order of instruction, 
the main ideas outlined have very much to commend them. The 
attitude of labor organizations to such an institution would be prob- 
lematical, though there is no apparent reason why it should not 
have full support in that quarter also, as it would not be a trade 
school, but rather one in which those, many of whom would in any 
case learn a trade through a regular term of apprenticeship in the 
factory, would have an opportunity for learning the relationship 
of their own work to that of the rest of the factory, thus, by en- 
larging their interests, increasing their efficiency, and in many cases 
fitting them for better positions. 

Speaking for the pottery trade, it is safe to say that never before 
was there more need for intelligent practical men, men who know 
how ware should be made, and who can both make a plate and 
figure a formula. It is not enough to have sufficient knowledge 
to change a glaze if one cannot fire a kiln; and the writer is firmly 
convinced that efficient men for the pottery industry will never 
be turned out by the ceramic schools till this fact is recognized and 
the condition met. 


THE RELATION BETWEEN COMPOSITION AND DEN- 
SITY OF FELDSPATHIC PORCELAINS 


BY AMOS P. POTTS AND HARRY F. KNOLLMAN 


INTRODUCTION 


This investigation is the direct result of two investigations of 
a similar nature published in Vol. 13, 7. A. C. S. One of these, 
entitled “Some Coefficient of Expansion Data on Porcelain Made 
from European Materials,’’ by A. S. Watts, contains the results 
of Mr. Watt’s work in the laboratory of a German University; 
and the other paper, by Ross C. Purdy and one of the present wri- 
ters, contains results obtained in the laboratory of the Ohio State 
University. In replying to a note written by Mr. Watts discussing 
this latter paper, one of the present writers took occasion to plot 
the data for similar series in each investigation on the same dia- 
gram in order to show the exact relation between the data of these 
two separate and distinct investigations (see Plate 1, p. 463, Vol. 
13, T.A.C.S.). This figure opened up such an interesting line of 
thought, not only as regards the effect of composition, but also as 
to that of heat treatment, that it was decided to repeat the work on 
a much larger scale and with test pieces burned with different heat 
treatments. 

Mr. Watts found that his results checked Seger’s theory as to 
the function of these minerals in causing or preventing crazing. 
The investigation with American materials, covering as it did a 
much larger area, checked him only in part and the principal 
conclusion in the larger paper was that the structure of the body 
was more of a factor in influencing the coefficient of expansion than 
was the composition. 

Regarding the relation between composition and the structure of 
white ware bodies, Seger has written as follows, page 478: ‘In 
the work done so far for instance, there is found nothing about the 
relation in which the porosity of the dried or burned clay stands to 
the amount of non-plastic contents.’’ Again on page 506 we find 
the following statement: ‘Not only for the highest temperatures, 
but also for the lower degrees of heat customary in practice, does 
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the amount of feldspar present furnish a valuable index as to the 
course which the vitrification will take, and especially if the quartz 
content is considered with it. . . . . its (the quartz) effect 
commences with the fusion of the feldspar which, when in the liquid 
state is capable of dissolving silica, asis well known and in this man- 
ner. the quantity of the fluxes will be increased.”’ On page 508, we 
find this statement: ‘All factors, feldspar, quartz and clay sub- 
stance are therefore entitled to equal consideration and the various 
influences now opposing,. now augmenting each other cannot be 
precisely expressed by one value, refractory quotient; even if it can 
be made to coincide with the facts in some cases. On page 511 is 
this statement: ‘‘The quartz does not enter into chemical reaction: 
until far above the fusing point of feldspar, which dissolves the 
quartz as we have seen and thus increases the, bulk and becomes 
more fluid.” 

Thus, even though Seger appreciated the influence of the various 
constituents of a porcelain body upon its physical properties, we 
fail to find any data sufficiently complete to warrant definite con- 
clusions regarding the relation of these physical properties to one 
another; such as coefficient of expansion and structure. 

Turning now to the T. A. C.S., we are a little more successful. 
In Vol: 12, page 628, is a paper, entitled “A Study of the Vitrifica- 
tion Range and Di-electric Strength of Some Porcelains,’’ in which 
is given a number of curves and considerable data on vitrification 
as determined by absorption, specific gravity, and the di-electric 
strength of porcelains made from four different clays and covering 
a wide range of composition as to feldspar, clay, and flint content. 
But the weak part of this paper for our study is that the vitrifica- 
tion data are based entirely upon the open pores, whereas in the 
work published in Vol. 13, 7. A.C. S., it has been shown to be im- 
portant to ascertain the total porosity, since the presence of sealed 
pores seemed to be as effective in raising the coefficient of expansion 
as was the absence of complete vitrification. 

Object of Investigation. Therefore it is the object of this inves- 
tigation to ascertain the progress of vitrification in a number of 
white ware body compositions. 
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PREPARATION OF SAMPLES 


The Present Investigation. a. The field included within the 
limits of this investigation contains all those body compositions 
within the following limits. : 


DELUGE EW IR 0m Sc NS VS ND 0 to 50 percent 
SUED POR, ERIE 5/58 2 a8 a eee Ne 20 to 90 percent 
Tey tn, ee OS rc ts 10 to 80 percent 


b. The particular mixtures tested are indicated on the triaxial 
diagram (Fig. 1) and are shown on the data sheet (Table 1). Ma- 
terials used, their proportions and their chemical analyses are also 
shown on the tabulated data sheets, Tables I and II. 
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TABLE I—PERCENTAGE COMPOSITION AND BATCH WEIGHTS 
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TABLE I—Continued 
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Preparation of the Bodies. The ingredients were weighed into 
paper bags and the weights checked, then when all of the ingredi- 
ents had been weighed up the total weights were checked. Twenty 
pounds of each body were made. 

When all of the bodies had been weighed and checked, the con- 
tents of each bag were dumped into ten-gallon stoneware crocks 
with about two gallons of water and allowed to soak over night. 
They were then blunged by hand and screened, first through a 
40 and then through a 100-mesh screen; and the residue, consisting 
mostly of wood fiber and large particles of quartz, having been 
thoroughly washed, was thrown away. 

The blunged bodies were then allowed to settle, the supernatent 
liquid being sipboned off from time to time, until the mass had 
assumed the condition of a very thick slip, in which condition, it 
was again carefully blunged, cast in a muslin lined wooden frame 
on a muslin covered plaster slab and allowed to stand until it had 
assumed about the consistency desired in clay for juggering. 

Making the Trial Pieces. For the purposes of obtaining coeffi- 
cient of expansion data, trial pieces twenty-five centimeters long 
when fired were desired. A biscuit cutter twelve inches long by 
three-quarters of an inch wide was designed and made by the Cera- 
mic Supply Company of Columbus, Ohio. . As used, the cutter 
consisted of three parts: first, the cutter proper; second, a steel 
plunger; third, a steel die. The cutter proper consisted of a $-inch 
steel plate 2 inches by 15 inches, to which was soldered and riveted 
the copper cutting edge. This cutting edge was about 24 inches 
high and bent so as to cut a brickette 12 inches by 2-inch. In the 
steel plate two $-inch holes were placed 3 inches each side of the 
middle, for the passage of the 23-inch iron rods of the compression 
machine, as shown by the illustration, Figure II, and to the ends of 
the plate were bolted metallic loops used in removing the cutter 
from the die. The plunger was a piece of §-inch steel of a size to 
fit just inside the cutter. The die was a steel block 3 inches wide 
by 15 inches long and #-inch thick, slotted to receive the cutter. 

In making a trial piece, the plunger was placed within the cut- 
ter, and then by means of the cutter a portion of clay was cut from 
the slab as cast on the muslin covered plaster block. The cutter 
was then placed in the steel die which rested on a muslin covered 
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piece of board, (18 inches by 4 inches by 1 inch) and the whole 
placed in the compression machine in such a manner as to permit 
the rods to pass through the holes in the top of the cutter and rest 
on the plunger, as shown by the illustration, Figure II. The clay 
within the cutter was then compressed by turning the handle on the 
wheel attached to the winding drum, twice through an angle of 
45 degrees and each time releasing it. Each brickette was thus 
given as nearly as possible the same treatment, first a static pressure 
of 14 pounds per square inch and then two impact stresses whose 
values were not determined, but which as has been explained were 
as nearly as possible equal for all the brickettes. 

Then, while the weight rested on the plunger,—the cutter was 
raised by means of rods thrust through the loops and the plunger 
and excess clay were cut off by drawing a fine wire across the top 
of the die. The weight was then raised and the brickette removed 
from the frame as follows: The cleaned plunger was laid on the 
brickette and as the die was supported by the fingers of each hand 
of the operator, he, by the pressure of his thumbs on the plunger, 
forced the plunger and brickette out of the die, allowing them to 
drop gently onto a tissue paper covered pallet. It was hoped in this 
manner to obtain brickettes from the various compositions having 
as nearly as possible the same structure. It was found that if the 
pieces were forced out so that they rested on the side which had 
been cut by the wire and allowed to dry in this position, they would 
do so without warping, but that if they were dried with the cut 
side up they had a tendency to curl up at the ends. 

About forty trial pieces of each body were made in this manner 
and dried on pallets in the laboratory. When in the leather-hard 
state, the trials were trimmed and placed on shelves in a locker to 
complete their drying and to remain until required for burning. 

Burning. Four trials of each body were burned at each of the 
following heat treatments :— 


Cone" eee BP Sal vehi in RRO OLE eR ee, © 19 hours 
Come "420 ico eee Ais a ne as ae 23 hours 
Cones Sea pe ak a aapce a OOS Ae Re ae 28 hours 
005 oT: in” Rare eed I OR Mn mregina cote. ths OY oR Ee ey 36 hours 


For each burn, four 11 inches by 21 inches by 7 inches oval sag- 
gers were used, one trial from each body being placed in each sag- 
ger. The trials were separated by means of coarse bit-stone. The 
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saggers were placed in two bungs, each two saggers high, in the 
No. 3 kiln of the Ohio State University Ceramic Laboratory. In 
order to control the heat treatment and to know exactly what treat- 
ment each sagger received, cone pats each containing four. cones, 
one below and two above the cone desired, were placed in each end 
of each sagger, and as sight cones, plaques containing five cones, 
one below and three above the cone desired, were placed beneath 
and also on top of each bung. No sagger of trial pieces was used 
unless the same cone was down in both ends. It frequently 
happened that there would be from a half to a cone difference 
from end to end of a sagger, but all such trials were thrown out 
and if necessary a new burn made. 

When four trials of each body at each heat treatment were ob- 
tained they were sorted, the straightest being reserved for the 
coefficient of expansion and the next being reserved for obtaining 
porosity data. 


BULK SPECIFIC GRAVITY 


Definition. By bulk specific gravity we mean the dry weight 
of the burned brick divided by its exterior volume. 

Method of Obtaining Bulk Specific Gravity. Bulk specific 
gravity data was obtained as follows: a piece about three inches 
long was broken from each of the pieces set aside for this purpose, 
weighed and immersed in water with one face exposed for forty- 
eight hours. These pieces were then weighed wet, and the 
weights recorded as wet weight. The piece was then completely 
immersed in a beaker of distilled water, and the weight recorded 
as suspended weight. The wet weight minus the suspended weight 
equals the exterior volume (see Bull. 9 Ill. G.8.). The bulk gravity 
is then obtained by dividing the dry weight by the exterior volume. 
The data so obtained will be found in the accompanying tables 
(Fable IIT) and also plotted on the triaxial diagrams (Figs. 3, 4, 
5 and 6). 

Discussion. For the purpose of study, the data has been assem- 
bled on triaxial diagrams, one diagram for each heat treatment.! 


1Jn the triaxial diagrams here being discussed, and in those for true specific gravity and 
percent porosity, the smal] rectangles show the relative values for the bodies along the 
boundaries of the area studied. For each group of diagrams the datum lines of the rec- 
tangles represent the same values, so that by comparing one diagram with another in a 
given group the effect of heat treatment may be readily geen. 












CLL EEO 
| Qe 
 NWHSGAREREASYY 
WEARER 


\\ 


woliiyjolly 9 GYQ/ EOS AN IO) POG HOD tly Stil4{ 






st 
o> 
N 


295 








BES 2A ae) ee ed Bee Pe 
|} Fe z Ey eee BE ars Ie ee 





ESS SS Lee A SRS PEE Saas S Re es eee ee Cae CO 











he 
(Lad, 
‘SLi 
aad 

aL 

47) 

ee / 

O. Oo. OJ IOS +? 

(Of, 

Sib Gh 

Lb Bly 

gS 

TS 

SY. 

P 

tf 

bd, 

LL/, 

LP? 

Lh 


o 
N 


297 












SV AZ 


ANG sV ara 
SOOA ELIS 


uoLijjotly 9 EYay GEL ANION 206 289 lyf SHAY 


298 


COMPOSITION AND DENSITY OF PORCELAINS 


TABLE III—BULK SPECIFIC GRAVITY 























BODY NO. CONE 2 CONE 4 CONE 8 
1 1.726 1.729 1.765 
2 1.708 1.709 1.689 
3 1.660 1.655 1.691 
4 1.654 1.672 1.701 
5 1.651 1.667 Lec01 
6 Le lé 1.674 1.751 
7 1.645 1.695 1.768 
8 1.607 1-2 LET RG 
9 1.805 1.840 1.996 

10 1.736 1.797 1.966 
“ll 1.787 1.762 1.959 
12 1.739 2.003 
13 + 1.734 1.761 2.032 
14 1.786 1.801 2.020 
15 1771 t 1.822 1.993 
16 1.871 1.882 2.269 
17 1.804 1.866 2.288 
18 1.881 1.896 2.258 
19° 1.868 1.876 2.279 
20 1.827 1.892 2.221 
21 - 1.868 1.933 2.124 
22 1.913 1.944 2.336 
23 1.857 1.937 2.361 
24° 1.927 1.930 2.340 
25 1.886 1.922 2.326 » 
26 1.859 1.904 2.298 
27 1.881 1.959 2.324 
28 1.898 2.166 
29 1.892 2.230 
30 1.913 2.220 
3l 1.906 2.231 
32 1.947 2.006 2.366 
33 1.965 2.326 
34 1.961 2.000 2.352 
35 1.954 1.973 2.295 
36 2.015 2.014 2.164 
37 1.962, 1.952 2.384 
38 1.922 1.895 2.389 
39 2.000 2.013 2.397 
40 2.010 2.005 2.378 
41 L077. 2.028 2.348 











CONE 12 


1.736 
1.643 
674 
. 694 
152 
.866 
854 
023 
951 
938 
.027 
.069 
.154 
096 
oes 
350 
315 
403 
.389 
323 
.273 
287 
292 
309 
393 
395 
406 
.401 
O17 
335 
292 
.299 
3138 
385 
391 
349 
. 134 
. 160 
2.237 
2.367 
2.367 
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TABLE I[—Continued 




















BODY NO. CONE 2 CONE 4 CONE 8 CONE 12 
42 2.0438 2.024 2.369 2.399 
43 2.130 2.051 2.304 2.400 
44 2.062 2.048 2.299 2.387 
45 1.941 2.019 2.391 2 152 
46 P2128 2.002 2.361 2.270 
47 2.078 2.066 2.372 2.371 
48 2.110 2.144 2.357 2.405 
49 2.073 2.096 2.362 2.092 
50 1.993 2.132 2.393 2.171 
51 2.142 2.399 2.394 





If there were no change in the true specific gravity of the material, 
this data would represent the relative degree of vitrification; but 
it has been repeatedly shown, and in the data to follow it is shown 
again, that there is such a change in these materials with increased 
heat treatment. So, these curves do not show the true progress of 
vitrification. , 

Method of Study. The diagrams will first be studied by heat 
treatment and then as a group. 

Cone 2. The interesting features of this diagram are: First, 
the evident uniformity in bulk density of bodies high in clay or 
flint when feldspar is low, 25 percent or less. This is shown by the 
curve at the bottom of the figure and also by the approximately 
straight course of the lines, connecting points of equal bulk speci- 
fic gravity, across the diagram. Second, the rather more than 
expected increase in bulk density for the bodies higher in clay than 
flint when feldspar exceeds 25 percent of the total mix. This 
may also be seen by the trend of the curves on the triaxial diagram 
and by the position of the curves in the adjacent rectangles. It 
does not seem strange that these latter curves take the course that 
they do, but the question is how to account for the first observation. 
Ordinary reasoning would lead to the conclusion that of any two 
bricks with the same feldspar content, the one with the higher clay 
and hence the greater shrinkage should have the greater den- 
sity. These observations would indicate that the bodies high in 
flint are given a much denser structure in the process of manufacture, 
which density is not equaled in the high clay bodies, even when 
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burned to cone2. With bodies of higher feldspar content, the fluxing 
action of the latter together with change in density of the silica 
upon fusion, have combined to enable the high clay bodies to 
assume the greater bulk density shown. 

Cone 4. At this heat treatment, the curves tell about the 
same story as those just discussed, except that all the values are a - 
little more regular, and the bodies containing less than 25 percent 
feldspar are densest when clay and flint are present in nearly equal 
proportions. 

Cone 8. These curves tell a very interesting story. Up to 
about ten percent of feldspar, the density remained practically 
constant regardless of the flint or clay content, but above this the 
bulk density of the high flint bodies increases more rapidly than 
does that of the high clay bodies. At about 224 percent of felds- 
par in the high flint bodies and 35 percent feldspar in the high clay 
bedies, we obtain approximately the same bulk density, and from 
this to the limit of the area investigated there is but little change. 
At this heat treatment we have apparently the largest area of 
uniformly densest bodies and the area includes more bodies of a 
composition high in flint than those high in clay. 

Bodies 29 and 36 at this burn show unaccountably low bulk 
specific gravities; but it will be seen by consulting the data on true 
specific gravity that these bodies have given rather erratic data 
all the way through. 

Cone 12. Here for the first time we have evidence of bloating 
due to high feldspar content and this defect is greater with the high 
flint bodies. 

The line connecting the bodies of greatest bulk specific gravity 
begins with the composition 40 percent feldspar, 10 percent flint 
and 50 percent clay, then curves down slightly away from the line 
showing 50 percent clay content until it becomes tangent to the 
line showing a 20 percent feldspar content and passes beyond the 
area investigated. Below this line the bodies have apparently not 
yet attained their greatest density, while above this line the bulk 
specific gravity is decreasing due evidently to the formation of a 
bleb structure. 

Here, as before, it is seen that the clay bodies represent a much 
more regular progress of vitrification than do those high in flint. 
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The evidence seems to indicate that a fusion-of silica and feldspar 
is less -viscous than is one of clay and feldspar, and flows in to fill 
or close the pores and then the entrained air, by expanding at the 
higher temperature, bloats the now softened brick. Undoubtedly, 
a portion of the decrease in. bulk density is due to the fusion of silica, 
but a reference to our curves on porosity and true specific gravity, 
will show that this is not by any means the greatest factor. 

Conclusion On Bulk Specific Gravity. These diagrams taken 
as a group show the following :— 

1. Up to and including cone 8, an increase in feldspar means an 
increase in bulk specific gravity. 

2. Between cones 8 and 12, the bodies high in feldspar develop 
a bleb structure which is most pronounced in the bodies highest in 
flint. 

3. Bodies high in clay have a more regular and gradual process 
of vitrification than do bodies high in flint. This is in agreement 
with the practice of manufacturers of electric porcelain who use 
high clay and feldspar with low flint, to obtain the densest structure 
with the highest di-electric strength (see Watts, Vol. IV, 7. A.C.S., 
page 86). 


TRUE SPECIFIC GRAVITY 


Before making the determinations of the true specific gravities 
of the samples, the following references were consulted. On pages 
47-49, Bull. 422 of the U. 8. Geological Survey, are found two me- 
thods of determination. The ordinary method was to use a 
' pyenometer with a capillary stopper, provided with a millimeter 
scale etched in the glass and calibrated so that the value of each 
division in weight of water was known. The capacity of the flask 
filled with water to the zero division was then calculated for every 
degree in temperature from 0° to 30° by making a series of careful 
weighings. For each pycnometer in use, a table was prepared 
showing its weight, the value of each scale division in grams of 
water and the capacity of the flask at different temperatures. The 
refined method uses a stopper slightly vaselined to prevent evap- 
oration of water around the stopper. To obviate the error of in- 
complete removal of air from the powder, a slightly modified de- 
vice, C. E. Moore’s method (American Journal of Science, Series 
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3, Vol. 3, 1872) was used. The flask containing the powder was 
attached to a water pump with the intervention of a tube and bulb 
attachment. The bulb contained distilled water. When the sys- 
tem has been freed from air by the pump, water from the bulb is 
made to flow into the flask. The air is then removed by producing 
boiling within the flask. It is then filled and stoppered. 

In Vol. 10, 7. A. C. S., Bleininger and Moore made some 
pycnometer determinations by weighing the powder in the pyc- 
nometer and filling them half full of water. The pycnometer was 
attached to a bent 50 cc. pipette containing water. The air was 
exhausted, and the pycnometer then filled by raising the pipette 
and allowing the air-free water to run into the apparatus. 

In Blair’s Chemical Analysis of Iron, a different kind of bottle, 
known as the Hogarth bottle, is used. It consists of a bottle with 
a long narrow neck into which fits a stopper with a small bulb at its 
upperend. “Its design is to avoid two difficulties experienced with 
the ordinary bottle, the expansion and overflow consequent upon 
transferring the flask at 60°F. to higher temperature of the balance 
case, and the necessity for waiting until the finely divided particles 
have settled before inserting the stopper. These difficulties were 
overcome by melting a capillary tubulus to the lower part of the 
neck of the flask and by grinding in a stopper having a small bulb 
above the capillary, to allow for expansion.”” The operation of 
determining the specific is gravity the same as the method to be 
described later. 

Professor Purdy in Bulletin 9, Illinois Geological Survey, used 
the ordinary pycnometer or specific gravity bottles in his determi- 
nations. He used the method described below which, at his sug- 
gestion, was used in the present investigation. This method was 
deemed the most accurate and rapid for the time available. 

Method of Determining True Specific Gravity. In making the 
true specific gravity determinations, the oridnary specific gravity 
bottle or pycnometer was used. It consists of a 50 cc. bottle, pro- 
vided with a ground glass stopper having a small capillary tube. 

Before making the determinations, a small piece of each bri- 
quette was broken up into small fragments with a hammer and 
then ground finely in a porcelain mortar with a porcelain pestle. 
The powder was ground fine enough as to to pass a 100-mesh 
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sieve, and was then stored in small bottles for future use. As 
some question arose as to whether the specific gravity of a body 
would not be affected by the wearing off of a little powder de- 
rived from the porcelain mortar, an experiment was made to see 
whether the specific gravity would be so affected. A small piece 
of a high feldspar body which had been burned to cone 12 and was 
very hard was weighed accurately, and then crushed and ground so 
as to pass a 100-mesh sieve, great care being taken not to lose any 
of the powder. This powder was again accurately weighed and 
found to weigh but a few milligrams more then the piece taken. 
By calculation it was found that the specific gravity would be affect- 
ed only in the third decimal place, an entirely negligible factor. 

In making the determinations, the dry, clean, and empty bottle 
was carefully weighed, the powder then introduced through a funnel, 
and the weight of the bottle and powder obtained. This eliminated 
any chance of losing some of the powder in transferring it to the 
bottle. The difference in weight gave the weight of the powder. 
Enough distilled water to completely cover the powder was then 
added and the bottle and its contents heated almost to the boiling 
point by placing it in a water bath. The bottle was then placed 
under a bell jar connected with an aspirator, and allowed to boil 
vigorously at the reduced pressure until all the air was expelled. 
A long glass U-tube containing mercury was attached to a measur- 
ing stick and connected to the tube between the bell jar and the 
pump. The mercury showed a difference in level of to 28 to 30 
inches, so that a vacuum amounting to 28 to 30 inches of mercury 
was always present. 

After boiling had ceased, the aspirator was shut off, the air 
allowed to enter and the bottles removed from the bell jar. The 
bottles were filled carefully with boiled distilled water almost to 
the top of the tube, and the stopper then inserted very carefully, so 
as to exclude any air bubbles. The bottles were filled so that a 
little of the liquid would come out through the capillary tube in the 
stopper. The bottle was then immediately immersed in a vessel 
containing boiled distilled water, heated to about 35°C. The 
bottles were then allowed to cool from about 35°C. to exactly 30°C., 
requiring about one and a half hours, thus giving sufficient time 
to have the temperature of the contents inside the bottle the same 
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as the water in which they were immersed. When the temperature 
was exactly 30°C., the bottles were taken out and the excess water 
on top of the stopper quickly wiped off so that the exact volume at 
30°C. was obtained. The flask was then dried, allowed to stand a 
little while in order to acquire the temperature of the balance case 
and then carefully weighed. 

The weight of the bottle, water and powder is designated as W’. 
The weight of the bottle filled with water at 30°C. was obtained 
in exactly the same way as described above. The weight of the 
bottle and water at 30°C. is designated as K, while the weight of the 
powder is designated as W. True specific gravity was then calcula- 
ted from the formula: 


Ww 


Specific gravity = Wik—w 





Two check determinations for each body were made, and the two 
determinations had to check within 0.04, or another check determi- 
ination was made. Considerable difficulty was experienced in 
getting check determinations until the method was obtained for 
getting an accurate control of the temperature at which the vol- 
umes were adjusted. In the data obtained there are about three 
dozen bodies in which the check determinations do not agree within 
.02 in the specific gravities, but owing to the lack of time these were 
not redetermined. All check determinations are within .04 in the 
specific gravity values. 

True Specific Gravity Curves. The results of the true specific 
gravity determinations are shown in Table IV. In order to study 
the effect of composition on true specific gravity, the results are 
assembled, as in the case of the bulk specific gravities, on triaxial 
diagrams, Figs. 7, 8, 9 and 10. 

Cone 2. In this diagram, we find a very slight difference in the 
true specific gravity of the high clay bodies, as compared to those 
high in flint, but the increase of feldspar has in all cases tended to 
materially decrease the true specific gravity of the bodies. This 
phenomenon is seen to begin later and take place a little more rap- 
idly in the high clay than in the high flint bodies. 

Cone 4. Here we find that the curves are considerably more irreg- 
ular. The clay and feldspar bodies have as a rule increased in true 
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TABLE IV.—TRUE SPECIFIC GRAVITY 


309 








BODY NO. CONE 2 CONE 4 CONE 8 CONE 12 
1 2.674 2.688 2.624 2.532 
2 2.688 2.662 2.640 2.607 
3 2.698 2.697 2.605 2.616 
4 2.676 2.692 2.736 2.640 
5 2.672 2.691 2.668 2.640 
6 2.670 2.665 2.704 2.672 
i 2.652 2.709 2.704 2.697 
8 2.674 2.709 2.726 2:710 
9 2.642 2.620 2.570 2.542 
10 2.648 2.618 2.564 2.495 
in 2.652 2.647 2.585 2.560 
12 2.696 2.621 2.564 
13 2.678 2.675 2.601 2.678 
14 2.682 2.663 2.660 2.580 
15 ~ 2.699 2.638 2.578 2.611 
16 2.601 2.583 2.519 2.498 
Ly 2.614 2.588 2.522 2.467 
18 2.597 2.608 2.532 2.479 
19 2.578 2.596 2.556 2.515 

20 2.587 2.610 2.548 2.554 
21 2.579 2.570 2.568 2.526 
22 2.587 2.566 2.507 2.464 
23 2.539 2.565 2.508 2.455 
24 2.569 2.580 2.512 2.439 
25 2.575 2.582 2.520 2.497 
26 2.5053 2.589 2.522 2.494 
27 2.590 2.601 2.548 2.487 
28 2.603 2.579 2.485 
29 2.505 2.579 2.498 
30 2.585 2.540 2.514 
31 2.617 2.575 2.528 
32 2.580 2.571 2.503 2.453 
33 2,513 2.505 2.445 
34 2.589 2.562 2.522 2.490 
35 2.567 2.599 2.531 2.467 
36 2.593 2.613 2.567 2.532 
37 2.568 2.580 2.477 2.443 
38 2.565 2.575 2.495 2.455 
39 2.527 2.591 2.518 2.461 
40 2.536 2.590 2.501 2.496 
41 2.574 2.552 2.533 2.505 




















310 COMPOSITION AND DENSITY OF PORCELAINS 


TABLE IV—Continued 











BODY NO. CONE 2 cONE 4 CONE 8 CONE 12 
42 2.571 2.585 2.509 2.500 
43 2.578 2.610 2.477 2.509 
44 2 562. 2.617 2.543 2.528 
45 2.561 2.567 2.479 2.453 
46 2.548 2.591 2.509 2.538 
47 2.504 2.582 2.497 2.502 
48 2.542 2.556 | 5.527 2.512 
49 2.523 2.560 2.473 2.446 
50 2.525 2.509 | 2.493 2.462 
ol 2.511 2.481 2.494 

















specific gravity at this heat treatment, while the flint bodies have 
decreased. There is again a decided decrease in either case with 
the addition of feldspar, which is again more regular and gradual 
in the high flint bodies. The decrease in specific gravity of the high 
flint bodies may be accounted for by the inversion of quartz to 
tridymite or chrystobalite or by fusion in feldspar (see Purdy and 
Moore, Vol. IX., 7. A. C. S., page 226). The increase of specific 
gravity of the clay bodies may be of the same nature as the phe- 
nomena observed by Ogan (Vol. XII, 7. A. C. S., page 609) when 
working with fire clay; but how account for the higher true specific 
gravity of the feldspar bodies at cone 4 as compared with cone 2? 

Cone 8. Here again there is a slight increase in true specific 
gravity in the bodies highest in clay and lowest in feldspar; but 
aside from this, there is a general decrease over the whole area 
investigated. 

Cone 12. Here the general decrease in true specific gravity 
noted in the cone 8 data is even more pronounced; but at the same 
time it should be noted that the body highest in clay has changed 
very slightly if any. 

In review, this group of curves seems to show that clay sub- 
stance, whether derived from a mixture of china and ball clays or 
from fire clays, as shown by Ogan (loc. cit.), increases in true specific 
gravity, while silica added as flint and feldspar decreases, as has 
been repeatedly shown by other investigators. The question 
unanswered is, how account for the increase in specific gravity of 
feldspar at cone 4? 
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POROSITY DATA 


How Obtained. Because of the difficulty of obtaining complete 
saturation, no attempt was made to differentiate between open 
and sealed pores. The data here given represents total pore space 
on the basis of the exterior of volume of the burned brickette. 

This data is most simply obtained from the bulk and true specific 
gravity by means of a formula developed by Prof. R. C. Purdy, 
which is as follows: 








| ese ae ; 
100 | 1 mses = Percent porosity 
and is derived as follows: 
D | ; 
BSpG. = Exterior volume. 
a ae = Volume of solid material 
T.Sp.G. Ber ae daa 
Ratio of 
HONS hide Drs tere BiSp.G: O DOSpGe. solid to 
Tisp.C.°  B.Sp.G. TT S8n.G. De eT Spe pas 
volume. 


This multiplied by 100 = percent of solid. 


100 — percent solid = percent total pores. 
or 
100 — 100 B.Sp.G. 


T.Sp.G. 


B.Sp.G. 


= 100 (1 — oe = percent total pores. 

The data so obtained will be found in the tabulated data sheet 
Table V and is also plotted, as in the case of the true specific gravity 
- data, on triaxial diagrams (see Figs. 11, 12, 13 and 14). 

Cone 2. Wefind here that the bodies higher in flint and contain- 
ing no feldspar have slightly less pore space than do those higher in 
clay, which is in accord with Seger, page 675. With increase of feld- 
spar content the high clay bodies decrease much more rapidly than 
do those high in flint until at 35 percent feldspar the clay bodies 
have as low a percentage pore space as have the bodies containing 
50 percent feldspar and 30 percent flint. 
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TABLE V—PERCENT POROSITY ON BASIS OF EXTERIOR VOLUME 


BODY NO. 








22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
30 
36 
Oo” 
38 
39 
40 
4] 











CONE 2 CONE 4 CONE 8 CONE 12 
30.0 00.7 Oat 31.4 
36.4 30.8 36.0 37.0 
38 .4 38 .4 Souk 30.9 
38.2 37.9 BY path 35.8 
38.2 38.1 36.2 33.6 
0.4 37.2 35.2 30.2 
37.9 37.4 34.6 Sle 
39.9 36.8 34.8 29.3 
31.8 29.7 22.3 Zouk 
34.4 31.4 23.2 22.3 
Dave 33.2 24.2 20.8 
30.5 23.6 19.3 
35.3 34.2 21.9 19.5 
33.4 32.4 24.0 18.6 
34.4 31.0 25.5 16.6 
28.1 27.2 9.9 5.9 
31.0 25.1 9.1 4.1 
DAES 27.3 10.8 3.0 
27-6 Pa Ga 10.9 5.0 
29.3 27.6 12.8 9.0 
27.6 24.2 We! 10.0 
26.0 24.2 6.9 ae 
26.8 24.5 5.8 6.6 
24.9 25.2 6.9 4.3 
26.7 29.6 7.6 4.1 
PAs 26.5 9.0 4.0 
27.4 34.7 8.6 3.2 
Zicles 15.9 3.4 
24.5 13.2 4.8 
26.0 12.6 1.0 
2024 13.2 9.2 
24.5 22.0 a3 6.3 
23.7 7.0 5.3 
24.2 21.9 6.8 4.2 
23.8 24.0 9.4 4.0 
22.7 23.0 15:7 tee 
22.5 24.3 3.6 Te 
2551 26.4 4.3 12.0 
20.8 22.3 4.7 ae Oheel: 
20.7 22.6 4.9 5 be 
Pes 20.5 (ee: 5.6 
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TABLE V—Continued 




















BODY NO. CONE 2 _ CONE 4 CONE 8 CONE 12 
42 21.2 PASI 5.5 4.0 
43 17.3 21.3 5.0 4.3 
44 19.4 ZANT De 5.6 
45 24.2 21.3 | 3.5 12.2 
46 16.6 DOT | 5.8 9.6 
Ad Aa 20:0 5.1 5.2 
48 1720 16.1 6.9 4.3 
4) WTS 18.0 4.4 14.4 
50 21.0 16.6 4.0 Lis 
51 14.6 3.4 a0 0 





Cone 4. At this heat treatment, the curves are a little more 
regular in their trend across the diagram, but again the flint bodies 
have rather less porosity than the clay bodies when the feldspar is 
low. The porosity decreases less rapidly with increase of feldspar 
in the case of high flint than of high clay; but it is also evident that 
the bodies of nearly equal flint and clay contents have greater 
porosity than when either of these materials predominate. They 
lose this porosity at least as rapidly as in the case of high clay. 

Cone 8. At this heat treatment, we have a different set of 
conditions. The flint and clay bodies with no feldspar have about 
the same porosity, with a very slight max point at flint 50 clay 50. 
With increase of feldspar to 40 percent the porosity of the high 
flint bodies decreased quite rapidly, beyond which there is a slight 
increase, probably due to the beginning of the formation of a bleb 
structure, while on the clay side of the diagram there is a continuous 
and very gradual decrease in porosity, with the exception of a small 
area containing bodies 29 and 36, which have already been noted 
as being erratic. 

Cone 12. Here we find the body containing 80 percent flint 
and 20 percent clay with a higher porosity than has the body con- 
taining 80 percent clay and 20 percent flint. We find, for the first 
time, a well defined area of increased porosity due to the formation 
of a vesicular structure (with high feldspar content) ; and it is inter- 
esting to note that this area falls in about the same place as was 
indicated by the bulk specific gravity data. The area of greatest 
density, 5 percent or less pore space, is now included almost wholly 
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within the limits 20 to 40 percent feldspar and 30 to 55 percent clay; 
and the densest body found in this study, containing 3.2 percent 
pore space, has the composition 25 percent feldspar, 45 percent clay 
and 30 percent flint. 

In summing up, it may be said that taken as a group these curves 
indicate that bodies high in flint vitrify much more rapidly and 
erratically than do those of equal feldspar content but high in 
clay. Coincident with this more rapid vitrification, the flint bodies 
are much more liable to the formation of a vesicular structure. 


DISCUSSION 


Mr. Blecninger: I would like to bring out a point in this con- 
nection and would like to ask Mr. Potts whether in his opinion it 
would not be better to use, as the basis of the body changes, the 
true volume of the clay itself? I simply ask this question for the 
sake of uniformity, because I am quite sure that work of a similar 
nature is bound to be carried on and it might be advisable to 
express the results on the same basis. 

Prof. Potts: I don’t know whether I understand the Professor’s 
question. 

Mr. Blecninger: In plotting the pore volumes, you would have 
a diagram in which the true clay volume is always 100. 

Mr. Purdy: Do you mean to figure in the porosity? 

Mr. Bleininger: Yes, expressing the pore volume in terms of 
the true clay volume. 

Prof. Potts: The proposition, then, is instead of working it. 
back to a unit volume of the brick on the basis of bulk specific 
gravity, to take the unit volume of the clay substance. That 
could have been done as easily, but I doubt whether the formula 
would have been as simple as this one. We already have the bulk 
specific gravity data and the true specific gravity data and it was 
asimple matter to use that formula and get the brick of unit weight. 


NOTE WRITTEN AFTER READING THE DISCUSSION 


Prof. Potts: In response to the sentiment expressed by Mr. 
Bleininger the porosities of the brickettes have been recalculated 
on the basis of the clay volume; see Table VI. Contrary to the 
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statement of the writer, the formula for calculation on this basis 
is Just as simple as the one used in the paper and is derived as 
follows: 





W 

BSG = exterior volume 

Se = clay volume 

(Econ 
athens 

W W 
BSG ~ TSG = volume of pores. 

and 





w ( eet | ) 
B&G TSG < 100 = percent pores on the basis of clay 
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TABLE VI—PERCENT POROSITY ON BASIS OF CLAY VOLUME 








BODY NO. CONE 2 CONE 4 CONE 8 CONE 12 
1 55.0 90.5 48.5 45.8 
Zz 57.3 55.7 56.2 58.7 
3 62.5 63.0 54.0 56.0 
4 61.8 Gla 60.6 55.8 
5 61.8 61.5 56.8 50.6 
6 55.5 59.2 54.3 43.2 
7 61.1 59.7 52.9 45.1 
8 66.5 58 .2 53.3 30.9 
9 46.5 42.3 28.7 30.0 
10 52.5 45.7 30.2 28.7 
11 47.3 49.2 32.0 26.4 
12 55.0 30.9 24.0 
13 54.5 52.0 28.0 24.3 
14 50.2 47.9 31.6 23.0 
15 52.4 44.8 34.2 20.0 
16 39.0 318 110 6.2 
17 45.0 33.6 10.0 4.2 
18 38.0 37.5 12.4 onl 
19 38 .0 38 .2 12.3 5.2 

20 41.5 38 .0 14.7 9.9 
21 38.0 32.0 bith alah | 
22 35.1 32.0 7.4 7.3 
23 36.7 32.5 Gal 7.0 
24 33.2 COO RT 7.4 4.5 
25 36.5 34.4 8.2 4.3 
26 37.4 36.0 9.9 4.1 
27 Bia 32/8 9.4. 3.3 
28 yea 18.9 3.9 
29 32.9 15.3 5.0 
30 35.1 14.5 Ube 
3l see 15.3 10.1 
32 32.5 28 .2 9.6 6.7 
30 31.0 7.5 5.6 
34 32.0 28.1 (hae: 4.4 
30 31.3 31.6 10.4 4.1 
36 28.7 29.8 18.7 (eye 
37 29.0 32.1 3.7 14.6 
38 33.5 35.8 4.5 13.6 
39 26.3 Pde ello” 4.9 10.0 
40 26.1 29.2 5.1 5.5 
41 30.2 25.9 Ors 5.9 
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TABLE VI—Continued 

















BODY NO. | CONE 2 CONE 4 CONE 8 CONE 12 
42 | 27.0 | Blick 5.8 4.1 
A ees 200 | 212 ie 4.5 
Mas A 24.2 | batt 10.7 5.9 
45 31.9 | otal 3.6 14.0 
AG ee | 20.0 | 29.4 6.1 10.6 
ea | 2050)! 25.0 5.4 5.5 
48 205 | 19.2 7A 4.5 
49 PAN | 22.1 4.6 16.9 
aes 26.7 | 20.0 4.1 13.4 
51 Tea | RD 4.1 











This simplifies as follows, after canceling the W’s, 








1 1 TSG 
Coyle iy a a 
| TSG —BSG_. TSG ‘TSG— BSG 
ae PROC Bsa 
which is 
TSG | 
oe — i) x 100 = percent porosity. 


In the above W = Weight 

BSG = Bulk specific gravity 
| TSG = True specific gravity 
: There is some advantage in this method. While it gives a much 
higher number to express the percent porosity of the very porous 
brickettes, i.e., a brick having 50 percent pores on the basis of exte- 
j rior volume will have 100 percent pores on the basis of the clay vol- 
q ~ ume, it does not materially change the figures for the very dense 
brickettes, for instance, a brickette showing 3 percent porosity on 
the basis of exterior volume shows only 3.1 percent porosity on the 
basis of clay volume. Therefore, the change in porosity with heat 
treatment or composition is relatively magnified and the area of 
densest structure more sharply defined. 





THE MINERALOGICAL EXAMINATION OF CLAYS 


BY WILLLAM J. MCCAUGHEY 


The petrographic microscope has been of invaluable assistance to 
the geologist in the study of rocks. By the use of thin sections, 
he has been able to study the details of texture and structure and 
the. mineralogical composition of the rocks. This information has 
been of assistance in determining the origin of rocks and the forces 
which have been active in their formation or subsequent modifica- 
tion. The application of these methods to unconsolidated material, 
as sand and clays, has been of much slower development. This 
fact has been due, partly, to the difficulties in preparing sections of 
such materials. 

It is obvious that the study of the structure of unconsolidated 
deposits is not as important as in the case of the hard rocks. There- 
fore, the textural study is confined to the physical or mechanical 
analyses of such deposits, which expresses the composition only as 
to the size of the particles. The coarser particles are separated 
on appropriately sized sieves, and the finer grains by water or air 
elutriation, aided in some cases by use of a centrifuge. 

The earlier microscopic studies of such unconsolidated deposits 
were patterned after the manner of microscopic rock study. The 
particles were united into a plaque by the use of a zine oxide ce- 
ment and a thin section prepared in the usual manner. Such sec- 
tions are difficult to prepare and unsatisfactory where the particles 
are quite small in size. 

J. W. Retgers, in his chemical and mineralogical study of the 
dune sands of Holland, contributed the first important study of 
such material. This work was continued by Schroeder Van der 
Kolk, who developed in his study of these Holland deposits, meth- 
ods particularly suited to such material. More recent develop- 
ments in the use of the petrographic microscope have made possi- 
ble the examination and the measurement of the optical constants 
of crystals and mineralsin fine powder. Itisnow possible to deter- 
mine a few of these constants when the mineral grain has a diameter 
of 0.01 mm. If its constants are measurable, the mineral can be 
identified by the use of mineral tables. Here it is well to make the 
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point and emphasize it, that though particles of a size 0.005 mm. lend 
themselves at times to these methods, the mineral grains should 
be preferably 0.01 mm. in diameter or greater. 

This method of examination has been applied to soils as a sub- 
stitute for chemical analysis. Its advantage istwofold. It affords 
a cheap and rapid method for the determination of the approximate 
chemical composition of the soil. Its other advantage lies in the 
disclosing of the nature of the minerals that make up the soil. 
Chemical analysis shows how much of certain elements are present, 
but does not indicate in what form they are present. There is 
reason for believing that minerals having similar composition 
react differently, have a different solubility in water; and this is 
borne out by observation in many samples of soil. There is also 
a prior: reason for believing that some of these minerals will react 
differently at high temperatures since these minerals possess dif- 
ferent softening and melting points. It would, therefore, seem that 
the mineral composition of a clay will be of importance in deter- 
mining some of its properties. 

The method for the identification of minerals demands the de- 
termination of the following: 

a. Indices of refraction 

b. Isotropic-Uniaxial-Biaxial 

c. Birefringence 

d. Character of birefringence + or — 

e. Extinction angle from cleavage direction 
f. Character of elongation. 

The optical constants a and c may be quantitatively determined. 
Their value will vary within limits, according to the direction in 
which the light passes through the mineral grain. The other 
constants are qualitative. In cases where larger grains are obtain- 
_ able, as in the sands, the accuracy of measurement of these constants 
are of much higher grade. See in this case Wright, Pub. No. 158, 
Carnegie Institution. 

Index of Refraction. The velocity of light transmission varies 
in different minerals. The velocity of light in two minerals is 
inversely proportional to their indices of refraction, an optical con- 
stant which is readily measured under the miscroscope. ‘The index 
of refraction is constant for each mineral (varying slightly with 
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difference in composition) and is the most valuable means of dis- 
tinguishing minerals in fine powder. 

In minerals crystallizing in the isometric system, garnet, fluorite, 
spinel and in glasses not under strain, this value is independent of the 
direction in which the light passes through the crystal. For instance, 
the index of refraction of fluorite will be 1.484, no matter in what 
direction the light passes through the mineral. In minerals crystal- 
lizing in other systems than the isometric, the value of the indices will 
vary according to the direction in which the light passes through. 
Light passing through such minerals will be split up into two sets of 
light waves, whose vibrations will be at right angles to each other. 
These two sets of light waves will have different velocities in the 
erystal, and, therefore, the mineral will have two indices of refrac- 
tion for each direction of light transmission. It is possible to inter- 
cept either set of these vibrations and to measure the index of the 
mineral in each of these two vibration directions. When such a 
mineral is viewed in polarized light between crossed nicols, the vi- 
bration directions are parallel to those of the nicols when the min- 
eral is at the position of extinction. If the analyzing nicol is now 
removed, only one set of light waves of the crystal is transmitted; 
therefore, the index of the mineral may be determined in this 
direction. 

The difference in the value of these indices will vary according 
to the direction in which the light passes through the mineral. This 
difference in indices of these two vibration directions is known as 
birefringence and is a property of minerals crystallizing in systems 
other than the isometric. Birefringence is manifested by trans- 
mitting light. between crossed nicols. The interference color pro- 
duced is dependent both on the thickness of the mineral grain and 
on the birefringence. 

In general, the change in index of refraction due to difference in 
the direction of light transmission is moderately small, occurring 
within certain narrow limits (excepting a few minerals as calcite, 
zircon, rutile). The regular change in indices of refraction with 
change in the direction of light transmission is readily explained by 
the use of Fletcber’s Indicatrix (see Dana, Text-book of Mineralogy 
or Idding’s Rock Minerals). 

Birefringence is determined by measuring the thickness of the 
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mineral grain and matching the color on Michel Levy’s Birefrin- 
gence plat. Birefringence is not a constant value but varies with 
the direction of light transmission. 

The direction of light transmission in a crystal can be recognized 
by certain interference phenomena seen in convergent polarized 
light. These interference figures also indicate whether an aniso- 
tropic mineral is uniaxial or biaxial, and by using appropriately 
prepared plates of quartz, determines whether the mineral is + or 
—. The details of reactions may be seen in Johannsen’s Key 
to the Rock Forming Minerals. 

If a mineral grain is rotated between crossed nicols, the light 
transmitted through the mineral drops off to darkness four times in 
a revolution of 360°. When the mineral grain is at the position of 
extinction, the vibration direction of the two light waves in the min- 
eral are coincident, with the vibration planes of the nicols, and these 
latter are indicated by the cross hairs in the eyepiece of the micro- 
scope. The angle included between the position of extinction and 
a position in which a definite crystallographic direction is parallel 
to the cross hairs, is known as the angle of extinction and is impor- 
tant in determining minerals. Generally the crystallographic direc- 
tion is the trace of a cleavage, as is the case with the feldspar. 
The angle of extinction is particularly serviceable in distinguishing 
minerals with prismatic elongation. If the elongation of sucha 
mineral is parallel to the cross hairs when at the position of extinc- 
tion the mineral is said to have parallel extinction, otherwise 
its extinction is oblique. If the vibration direction of the slow 
ray, that is, the direction with the greater index, is parallel or nearly 
parallel 10 the cross hairs, the mineral is said to have positive elon- 
gation; if the direction is that of the fast ray or the direction witb 
low index, the mineral has negative elongation. 

Methods for the recognition of uniaxial and biaxial minerals and 
for the determination of the character of birefringence (positive or 
negative) is taken up in Bulletin 91 of the U. 8. Bureau of Soils, 
to which those interested may be referred for fuller discussion. The 
application of these methods for the identification of minerals 
occurring in soils and clays requires skill and dexterity in handling 
these fine particles under the microscope. 

-A preliminary preparation is necessary to clean the surfaces of the 
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particles and disintegrate any aggregates, otherwise these particles 
will not be transparent. <A five gram sample is placed in a bottle 
with about 30 cc. of water to which a few drops of ammonia are 
added. This mixture is violently shaken and allowed to settle. 
The shaking scours the surface of the grains, the ammonia serves 
to deflocculate the colloidal clay particles and keep them in suspen- 
sion. The sample is repeatedly washed in order to separate the 
silt and clay from the sand grains, since these are examined sepa- 
rately. The separates are then dried in an evaporating dish. 
Feldspar particles found in some clays weather, forming more or 
less porous grains. These crevices become filled with infiltrated 
iron oxide or clay, which is not removed by the method above. A 
cold dilute hydrochloric acid solution (1 to 10) may remove this iron 
oxide. Sand grains of a size greater than 0.5 mm. should be broken 
in a mortar until they pass a hundred mesh sieve and then washed 

as above. | 

To prepare a section for examination, take a sample of the dried 
material (3 or 4 mgms.) and place on an object slide, then add a 
drop of oil. These two are incorporated and a cover glass placed 
on top. The oil covers up irregularities in the surface thereby 
permitting light to pass through themineral. By using oilsof differ- 
ent refractive indices, it is easy to measure the indices of the mineral 
(see paper on “Examination of Commercial Spar’). The silt 
particles dry down to a cake; this must be broken up in a mortar and 
passed through a hundred mesh sieve to disintegrate and separate 
the particles. 

The minerals composing the silts are at times altered and weath- 
ered to such an extent that they are more or less porous. Kaolin- 
like material and iron oxide are infiltrated into this porous grain and 
render the mineral opaque. At times the grains are coated with a 
thin coating of iron oxide, which does not interfere with their trans- 
parency but produces anomalous optical reactions, particularly 
interfering with the determination of the refractve index, which in 
the silts is often the only optical constant determinable with any 
degree of accuracy. 

The mineralogy of the clays is far from satisfactory. Thereare 
many clay minerals described from analysis, but little is known of 
those physical properties of value in identifying these under the 
microscope. It is a question indeed if any but a few of these are 
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really homogeneous enough to be properly classed as minerals. 
It would be of value to mineralogy if this matter could be sat- 
isfactorily cleared up and these so-called clay minerals certainly 
identified. 

Some idea of the origin of clay deposits may be obtained by mi- 
croscopic examination. The feldspar content of clays varies; in 
some, feldspar is almost entirely absent; in others, considerable of 
the feldspar is present. At times, in the microscopic examination 
of clay deposits, the spicules of sponges and rhizopoda casts are 
found, which indicates an origin by deposition in shallow water, 
generally inclosed basin and swamp or pond conditions. The | 
feldspar content of such deposits is very low. Diatomaceous earth 
deposits are distinguished from a true clay by examination with a 
high power objective. The diatoms are readily recognized by their 
circular or elongated forms and by their elaborate sculpturing, 
Volcanic ash deposits are distinguished from clay, since the former 
is amorphous and does not transmit light between crossed nicols 
and is also seen to be quite angular in outline when a high power 
objective is used. 

Residual clays from limestones carry tiny crystals of quartz often 
doubly terminated. These crystals of quartz may enclose parti- 
cles of calcite. Residual clays from limestone in the region of free 
rainfall do not carry calcite to any extent. In clays derived from 
the disintegration of basic igneous rocks, chlorite is quite common, 
the iron of the ferromagnesium minerals separating out as oxide, 
the magnesium uniting with the silica and aluminum to form chlo- 
rite. Microcline, muscovite and epidote, are common minerals 
found in clays and associated with these are the more insoluble 
mineralsrutile, zirconandtourmaline. These minerals do not yield 
readily to weathering influences; muscovite takes up a little water 
and loses its flexibility, but retains its optical properties. Buiotite 
decomposes quite readily with the separation of iron oxide and the 
formation of chlorite. Quartz is a constantly associated mineral. 

The mineralogical examination of commercial clays should be 
undertaken where it is possible, since it affords another means 
of valuing clays which is supplementary to the chemical analysis. 
It is unfortunate, however, that this method has its limitations, 
which at this time prevent the accurate identification of the very 
fine particles. 


THE VISCOSITY OF PORCELAIN BODIES! 


BY A. V. BLEININGER AND PAUL TEETOR 
INTRODUCTION 


The vitrification of ceramic bodies requires for its explanation 
two assumptions, the existence of a considerable superficial force 
tending to contract the mass and lowered viscosity or softening 
which will permit the displacement and rearrangement of the 
molecules. The existence of surface tension must be considered 
as proven in the light of many physical phenomena. Likewise 
there can be no doubt as to the softening of the body, since the 
deformation observed only too frequently clearly indicates such 
a condition. | 

EXPERIMENTAL PART 


Owing to the fact that no numerical values are available with 
reference to the degree of softening of ceramic bodies, it was thought 
desirable to carry on experiments with the purpose of determining 
the degree of viscosity reached by a series of bodies of the porce- 
lain type. As a measure of viscosity the deformation under 
tensile strain was used. For this purpose specimens of porcelain 
body were made up of such shape that they could be hung from a 
fire clay grid and a weight attached to the bottom. The shape 
and dimensions of the pieces are shown in the diagrams of Figure 
1. The length of the square bar between the end pieces was 4.5 
inches and the width 1.112 inches, mold measurements. It was 
desired to have specimens possessing a cross section of approxi- 
mately one square inch after burning them to vitrification. 

The load was applied to each bar (after firing to cone 10) by 
means of a fire clay piece provided with a groove into which fitted 
the bottom part of the porcelain. It was decided to maintain 
the tensile load as closely at 5 pounds per square inch as possible. 
After burning the test bars their cross section was measured ac- 
curately by means of a micrometer caliper and the average cross 
section computed, based upon ten measurements. For each bar 
the weight of the corresponding fire clay load piece was then ad- 





1 By permission of the Director, Bureau of Standards. 
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justed by chipping so that the initial tensile strain was exactly 
5 pounds per square inch. The elongation was obtained by meas- 
uring the distance between two fine lines, 9 cm. apart. 

The porcelain series embraced compositions ranging from 35 
to 50 percent of clay and from 10 to 25 percent of feldspar. The 
clay material was introduced as North Carolina kaolin, Georgia 
kaolin and Tennessee No. 3 ball clay in the proportions of 5: 1: 1. 
In Table I the chemical analyses of the raw materials are given 
and in Table II the compositions of the bodies. 




















TABLE I 

canozina | TENNESSEE] GhONGIA | youpsran | ruin 
> ; 4 percent percent percent percent percent 
Silicas. 326 Wi, 4208 oe ee nee 50.80 45 .69 70.79 99 .23 
A laminae a:daweancercae en ao on 4G 32.09 Bib way? 16.75 0.32 
Perrie oxides, ace meee 0.57 1.56 0.53 0.22 0.10 
Titan: OXiGe@ ssc. oe Ould Ze 1.61 
Calcitumoxide:-25 3 ae, 0.19 0.18 0.18 0.24 0.08 
Magnesium oxide......... 0.08 0.40 0.25 0.18 0.13 
Soditiim Oxiders. 5 ee 0.07 0.38 Orde 3.29 
Potassilim oxides. se 0.35 1214 0.20 8.26 
Loss.on 1gnitiony:- a ae 14.44 12.49 14.05 0.46 0.22 

100-11 | 100.27 | 100.14 1100.19 | 100.08 














The body constituents were ground together in the slip state 
in the ball mill for two hours, then ‘screened and filter pressed. 
After wedging the mass, it was pressed into the shape shown. 
After thorough drying all of the specimens were fired to cone 10 
before being subjected to the tension tests. The bars were then 
suspended from H shaped fire clay grids, placed firmly upon fire 
bricks, and the proper weight pieces attached to each. The firing 
for the tensile tests was carried to the following temperatures: 
1065°C., 1100°,.1125°, 1160°, 1190°,.12207. 12507 12807 and 1aL0 
Up to 800° the burning was carried at a convenient rate but from 
this point on great care was taken to raise the temperature at the 
rate of 333° per hour. Firing was stopped as soon as the proper 
temperature was reached. No elongation was observed until the 
1160° burn. 
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TABLE I.—COMPOSITION OF BODIES 











NO. CLAY FELDSPAR FLINT 
percent percent percent 
1 35 L0*-- 59 
2 35 13 52 
3 35 16 49 
4 35 19 46 
a) 35 22 43 
6 -35 25 40 
ri 40 10 50 
8 40 13 47 
9 40 16 44 
10 40 19 4] 
Ie 40 22 38 
12 40 25 * 35 
13 45 10 45 
14 45 13 42 
15 45 16 39 
16 45 19 36 
Awe 45 22 33 
18 45 25 ; 30 
19 50 10 40 
20 50 13 37 
21 50 16 34 
22 50 19 31 
23 50 22 28 
24 50 25 25 
25 commercial porceljain body. 














The numerical results of the work are compiled in Table III. 
The ink test was applied to the bodies after burning them to the 
maximum temperature and noting the absorption of ink after 
washing off the spot with oxalic acid and water. 

It will be noted from the table that complete vitrification as 
measured by the ink absorption takes place in no case with less 
than 19 percent of feldspar. 

It is interesting to observe a}so that softening occurs at as low 
a temperature as 1160° only in the case of the larger feldspar con- 
tents, 22 and 25 percent, and even these amounts bring about 
lowering of the viscosity with the maximum clay content. 

Small percentages of feldspar, 10 and 13 percent, cause soften- 
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TABLE III 
NO. PERCENT ELONGATION Pade Os Hh Se | 
oe FIRING TO 1310° BEMAEES 
BODY 1160°C.| 1190°C.| 1220°C.11250°C:/1280°C.| 1310°C; 
1 0.13 | 0.13 | Strong stain 
2 0.25 | 0.27 | Strong stain 
3 0.20 | 0.56 | 2.02 | Stained 
4. 0.14 | 0.34 | 0.76 | 1.83 | 4.35 | No stain 
5 | 0.39 | 1.29 | 2.79 | 6.17 112.23 No stain Partly pulled in 
two at 1280° 
6 | 0.22] 1.04 | 3.02 | 8.56 No stain Partly pulled in 
| two at 250° 
i Strong stain 
8 Stain 
9 0.28 | 7.40 | Strong stain /|Partly pulled 
apart 1310° 
10 0.94 | 4.22 Faint stain |Partly pulled 
apart 1280° 
11 0.36 | 0.93 | 2.72 | 4.77 No stain é 
12 | 0.84] 0.62 | 1.40 | 3.14 | 7.01 | 7.62 | No stain Pulled apart 
peed sam Bs 8 AU 
13 Strong stain 
14 Stained 
15 0.28 | 1.04 | 2.66 | Stained 
16 0.28 | 0.95 | 1.99 | 3.65 | No stain Broke at 1310° 
17 | 0.17 | 0.25 | 0.85 | 2.03 ; 4.09 | 6.14 | No stain 
18 0.34 | 0.73 | 1.52.) 3.37 | 5.02 | No stain 
19 Strong stain 
20 Stain 
21 1.15.) Faint stain 
22 0.17 | 0.96 | 1.49 | No stain 
23 0.25 | 1.01 | 1.80 | No stain 
24 0.26 | 0.59 | 1.53 | 2.49 | No stain 
25 0.14 | 0.39 | 2.01 | 4.08 | No stain Broke, 1310° 


























ing only with a low clay content, 35 


1280°. 


percent, and then only at 


Even with 16 percent feldspar, elongation does not appear 


until 1250°-1280° has been reached. High spar contents on the 
other hand show deformation at as low a temperatire as 1160° 
with 35 percent of clay. 

The decreasing effectiveness of the fluxing constituents in bring- 
ing about softening with increasing clay is clearly shown, inasmuch 
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as with 50 percent of clay and 25 Bees feldspar elongation does 
not begin before 1220°. 

The diagrams of Figures 2, 3, 4 and 5 illustrate the elongation 
behavior of the bodies for the clay contents of 35, 40 and 45 and 50 
percent. 

In the 35 percent clay series, Figure 2, a sudden decrease in 
viscosity seems to occur between 19 and 22 percent of feldspar. 
The latter amount is clearly excessive for this body. It would 
- seem as if up to 19 percent the feldspar formed a viscous solution 
with the other constituents, while at 22 percent it is in excess and 
due to its own low viscosity caused the body to soften rapidly. 

From this it appears that it is rather important to fix the feld- 
spar content at the lowest value consistent with the desired physi- 
cal properties. 

In the 40 percent clay series, Figure 3, the curves are grouped 
together much more closely and no such sharp break is observed, 
for which behavior the increased clay content is undoubtedly 
responsible. The elongation values are also smaller, i.e., the 
viscosities greater. The curves, however, are quite steep, indi- 
cating a rapid decrease in viscosity or softening with temperature 
which is not a desirable condition. 

In Figure 3 not only is a regular gradation observed between 
the different feldspar contents of the 45 percent clay series but 
the curves are very much less abrupt and thus indicate more 
gradual changes in viscosity between given temperatures. The 
rate of viscosity change is proportional to the feldspar content. 
The deformation values are considerably lower than for the 40 
percent clay series. 

The diagram of Figure 4 (50 percent clay series) show: a marked 
drop in the deformation values from the preceding bodies. The 
viscosity thus has increased very decidedly, which means lessened 
deformation. It is noted also that the effect of the feldspar in- 
crease is very much less marked than in the preceding cases. The 
rate of decrease in viscosity with rise of temperature also is very 
much less pronounced in this case. 
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Tans Am CerSocWVolXV Fig.4, Blatnager & Jécror 
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CONCLUSIONS 


From the foregoing results, it seems then that for the tempera- 
tures and the raw materials under consideration complete vitri- 
fication is not possible with less than 19 percent of feldspar. Ex- 
cess of feldspar is undesirable owing to the lowered viscosity 
brought about by it. The higher the clay content the less marked 
does the effect of feldspar become. A sharp line of demarcation 
appears -between the bodies containing less than 45 percent clay 
and those of higher clay content. The former possess a very 
much higher temperature coefficient of viscosity decrease and 
hence are more subject to deformation. A lower clay content 
than 45 percent is hence undesirable and may explain the diffi- 
culties experienced with bodies of the Seger porcelain type. The 
strength of porcelain bodies under tensile stress at the kiln tem- 
peratures considered has been found to be quite low, approaching 
5 pounds per square inch quite closely with maximum elongation 
and is but a small fraction of the tensile strength at ordinary 
temperatures. 

As to the permissible numerical elongation value under a load 
of 5 pounds per square inch, no exact deductions can be made 
but it probably lies between 5 and 6 percent. 

This method of determining the viscosity of bodies at kiln 
temperatures has been found satisfactory. It is proposed to 
extend it to the study of clays and shales using a different form of 
_ bar, which is shaped at the ends like the heavy part of a cement 
brickette and which has measuring marks 100 mm. apart. 


N OTE ON THE ELECTRICAL SEPARATION OF CLAY! 


BY A. V. BLEININGER, PITTSBURGH 
INTRODUCTION 


A new electrical process for the purification of clay? which orig- 
inated in Germany is causing wide spread interest. The treat- 
ment consists in stirring the clay with water and removing the 
coarse material by means of screens and settling. A previously 
determined amount of electrolyte is added and the suspension con- 
veyed to the ‘‘osmosis’”’ apparatus where it is electrolytically de- 
posited on the positive electrode which is in the form of an endless 
belt. The clay is scraped off and conveyed to the dyers. It is 
claimed that the product contains only 25 percent of water and is 
free from pyrites, sand, or other impurities, has a lower alkali and 
a higher alumina content and is greatly improved in plasticity, 
bonding power, refractoriness and uniformity. 

It was thought desirable to examine the principle under which 
this process operates and to carry on a few experiments intended 
to bring out more clearly some of the factors involved. 


THEORY 


It has been known for a long time that when small particles of 
matter are in suspension between two electrodes they will move 
towards either the cathode or the anode. This phenomenon is 
called kataphoresis. Suspended particles of shellac, clay, quartz. 
cotton, silk, starch, graphite, sulphur, etc., travel to the positive 


pole. 
Small particles in suspension are always electrically charged and 
according to the character of the charge, + or —, they migrate 


to the negative or the positive pole. 

The medium in which the fine grains are suspended is of great 
importance in governing the kataphoresis. In pure water most 
substances are charged negatively. Water itself is positive and 





1 By permission of the Director, Bureau of Standards. 
2 Tonindustrie Zeitung, 36: 1283-85. Transactions Engl. Ceram. Soc. 12: part I, 36-65. 
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in electro-endosmosis moves towards the negative pole. No elec- 
tro-osmotic effect are noted in liquids like chloroform, ether, 
petroleum, oil of turpentine, etc. For particles suspended in 
gases very high voltages must be employed in order to ionize the 
gaseous molecules and bring about precipitation as is shown in 
the Cotrell process. The addition of electrolytes to solutions used 
in kataphoresis brings about far reaching effects. According to 
Freundlich® “it is to be expected that the addition of OH’ ions in 
a negatively charged particle would raise the kataphoretic migra- 
tion velocity to the positive pole while acids and cations of higher 
valency would decrease it with increasing concentration, reduce 
its value to zero and finally change its sign. With positively 
charged small particles the OH’ ion and the anions of higher val- 
ency are active in the same direction.” 

Whitney and Blake* found that upon adding 0.004 normal nitric 
acid solution to colloidal silver the particles originally migrating 
to the positive pole reversed their direction. A similar reversion 
was shown upon the addition of aluminum sulphate. 

It is evident that the effect of additions of electrolytes must be 
complex in character since the flocculating action of the salts is 
involved as well as the question of the electrical charges. 

The velocity of migration of fine particles seems to be independ- 
ent of their size and shape, within certain limits. It is interest- 
ing to note that the migration velocity does not differ considerably 
_ from the value given for the more inert ions like sodium. While 
for the latter this constant is 43 by 10-> cm. per second for a drop 
in potential of 1 volt per cm, the velocity of quartz particles, aver- 
aging 0.001 mm. is 30 by 10— cm. under the same standard 
conditions. 

The process of electrical purification may be said to consist of 
- three operations, the blunging and screening of the clay, the treat- 
ment with electrolyte and the separation upon the electrode. It 
is evident that the washing process in itself accomplishes a great 
deal in removing impurities such as coarse quartz, feldspar, iron 
pyrites, etc. In order to afford a strict comparison, it is not fair 
to compare the electrically treated with the crude material. 


3 Kapillarchemie, p. 239. 
4 Jour. Am. Chem. Sc. 26: 1339. 
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The difference between the washed clay and that treated by the 
new process must be used to establish the merits of the case. 

As has been pointed out by the inventors, the additional sep- 
aration brought about by the use of electrolyte is really the most 
important factor in the scheme. By the proper treatment with 
small amounts of chemicals the viscosity of the slip may be de- 
creased so that considerable quartz and feldspar ordinarily held 
in suspension may be thrown down. ‘The suspended material 
thus remaining is, of course, of greater purity, and the deposit 
attached to the electrode should therefore be clay of better grade 
than that which is obtained by the ordinary washing. It is ob- 
vious that the same treatment can be applied where the slip is to 
go through a filter press, there being needed only adequate tank 
facilities for the separation of suspended matter. The electrical 
treatment in itself has very little to do with the purification, since 
all coarse impurities have already been removed by the previous 
precipitation treatment. The manner of deposition upon the 
- electrode is of a mechanical character and takes the place of fil- 
ter pressing, having of course the advantage that the process is 
continuous and automatic. Other mehods of separating the clay 
fron the water might be employed. 


. 


EXPERIMENTAL WORK 


In the present work it was thought advisable to collect further 
information, (a) in regard to the reagents most suitable for the 
treatment preliminary to the actual separation and the deter- 
mination of the proper amount to be used; (b) in regard to the be- 
havior of different materials such as quartz, feldspar, ferric oxide 
and several types of clay when subjected to the electrical treat- 
ment. 

a. It was found, in agreement with Ashley’s work, that sod- 
ium hydroxide and sodium oxalate are the most effective reagents, 
the former to be used in the majority of cases, the second sub- 
stance being particularly suitable in the case of fire clays. For 
the purpose of determining the proper amount of the reagent, 
viscosity determinations by means of the efflux tube were found 
most convenient. The method of procedure was to add small 
quantities of NaOH to the slip, making viscosity readings until 
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the minimum point of the curve was reached. This consistency 
proved most suitable for the electrical separation. In cases where 
the sodium hydroxide was found to be less effective, resort was 
had to the use of NasC2.O,. In this simple manner the proper 
conditions are readily obtained. Indiscriminate additions of chem- 
icals will lead to misleading results and unsatisfactory separation. 
The amount of the reagent necessary is small and rarely exceeds 
0.2 percent in terms of the dry weight of the clay. An excess m 
the reagent must be avoided in all cases. 

b. The work dealing with the electrical separation of suspended 
materials was mostly done by means of a very simple apparatus. 
A 220-volt direct current was available, controlled by two water 
rheostats. The separating receptacle was a copper can, 6 inches 
in diameter and 5 inches high. This was filled with the slip and 
a carbon electrode just immersed. Electrical connections were 
made with the can and the electrode. The latter was simply a 
carbon plate, of which there was a stock at hand. In the commer- 
cial apparatus it is said that the positive electrode consists of 
type metal. By means of a volt and ammeter the current was 
controlled. 

For handling larger quantities of material an automatic appara- 
tus Was built consisting of a copper tank 5¢ inches by 65 inches by 
_7% inches, in which a revolving drum 5 inches in diameter and 43 
inches wide, insulated from the tank, was used as the positive 
electrode. The clay adhering to the surface of the drum was 
scraped off at the opposite side. A slow moving stirrer was also 
provided at the bottom of the tank to prevent undue separation. 
A flush hole was arranged for washing out the residue after each run. 

In the following paragraphs the results in the electrical separa- 
tion of several materials are described. 

Flint. Finely ground flint was found to separate well forming 
a dense layer at the positive electrode with voltages varying be- 
tween 125 to 180 and a current strength of 0.75 ampere. It was 
a curious fact that with this material the deposition upon the 
electrode was most satisfactory without the addition of any 
electrolyte. 

Feldspar. With a sample of Brandywine feldspar which was 
rather coarsely ground practially no separation took place with or 
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without electrolyte. Using Maine feldspar deposition occurred 
but not as marked as with the flint. The voltage used was 160, 
with 0.75 amperes. The addition of electrolyte produced no in- 
crease in yield. 

Ferric Oxide. Finely divided ferric oxide in suspension formed 
no deposit with or without electrolyte. An addition of 6 per cent 
of this oxide was then made to North Carolina kaolin, and the 
treatment carried out upon this mixture. Upon determining the 
ferric oxide in the original mixture and the portion separated on 
the electrode, it was found that no reduction in the iron content 
was accomplished whatever. All of the ferric oxide admixed with 
the kaolin was carried along with the clay particles. 

Kaolin. Inorder to determine whether further purification 
could be brought about with washed clays, runs were made with 
North Carolina and Florida kaolin. In both cases heavy, firm 
deposits were obtained with a content of 0.2 per cent caustic soda 
with voltages varying from 80 to 160, but chemical analysis showed 
no improvement. Practically all matter in suspension was car- 
ried to the electrode. The densest layer is obtained with the 
highest voltage. 

Impure Fire Clay. A fire clay of the No. 3 type, from Aultman, 
Ohio, was ground to pass the 40 mesh sieve and made into atslip 
showing minimum viscosity with 0.1 percent caustic soda. The 
separation took place very satisfactorily. Upon making brick- 
ettes from the original clay the separated portion and the residue, 
the linear drying shrinkages were found to be 8.4, 7.5 and 6.25 
percent respectively. Upon burning the speciments to cone 9 
in a sagger, the separated portion was decidedly superior in ap- 
pearance, showing a uniform light gray color, while both the orig- 
inal clay and the residual part were darker and showed numerous 
black spots. 

In connection with these experiments the reverse effect, that of 
the negative electrode upon plastic clay, was briefly verified. 
Upon making a steel trowel the negative pole, it was found that 
water was drawn fron a mass of plastic clay into which the tool 
was inserted and thus caused the latter to penetrate very readily. 
This confirms the results reported in a paper before the 1912 
National Brick Manufacturers Convention at Chicago. 
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CONCLUSIONS 


In summarizing the results obtained in this work it might be 
said that the use of the electrical current in the treatment of clays 
plays no primary part in the purification process. Its function is 
that of mechanically depositing particles in suspension upon the 
positive electrode. It thus replaces the filter press and, if this can 
be done sufficiently economically, it certainly has the great ad- 
vantage of simple, continuous and automatic operation. For the 
elimination of the undesirable impurities, the preliminary sedi- 
mentation process is of primary importance, since it is at this 
point that the objectionable material is removed. The use of 
caustic soda and other electrolytes brings about a condition of 
minimum viscosity which greatly assists in the separation of 
quartz and feldspar. It seems hopeless however, to expect that 
finely divided ferric oxide can be removed in this way. 

It is intended to carry on further work in this connection. The 
results obtained in these preliminary experiments are not exten- 
‘sive enough to warrant a statement as to the commercial import- 
ance of the new process. It is to be hoped that it will prove of 
service in clay washing, where all the help that can be gotten along 
such lines is sorely needed. 


DISCUSSION 


Mr. Sincoe: While I may be altogether off the track, I would 
like to ask Mr. Bleininger if the presence of water is absolutely 
necessary for the attraction of these particles by electricity? 

Mr. Bleininger: Yes, it is necessary. The minute you stir up 
the suspension, the conductivity increases very rapidly because 
each particle carries its charge of electricity. A point which I 
- failed to bring out is that the plasticity is improved; the product 
is evidently more plastic than the material with which you started. 

Mr. Sincoe: The reason I asked that question is that in Trenton 
recently the potters were called together to meet the Commissioner 
of Labor to thresh out a means to get rid of the dust in the fac- 
tories, and most of the methods that were in common use created 
drafts in the factories and that was bad for the employees, and 
for the ware; and it was brought out in that meeting that a method 
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of settling the dust by electricity was being worked in California 
somewhere. Now if that could be accomplished it would be a 
‘great thing for employer and employee. Scientific research in 
this direction might bring about a new era in the pottery industry. 

Mr. Bleininger: Mr. Cotrell, of the Bureau of Mines, has solved 
this problem, and I am quite sure that if you write to him he will 
give you the information you need. He is the greatest authority 
on the subject in the country, and has accomplished a great deal 
in regard to dust collection. 

Mr. Watts: I would just mention, in connection with this pro- 
cess that Prof. Bleininger has been discussing—it is written up 
and described somewhat in Sprechsaal and also an American pat- 
ent has been taken out by these people on this electrical separation 
of clays and it is in operation. You will include in your paper 
the references to the operation of plants? 

Mr. Bleininger: In the introduction of my talk I referred to the 
original work done in Europe and of course, I shall also include 
this in the paper. The object of the work done by us was simply 
to analyze the conditions prevailing during the separating process 
and to determine, if possible, its limitations. 


STRENGTH OF CLAY BARS AS INFLUENCED BY THE 
TEMPERATURE OF DRYING | 


BY C. H. KERR AND R. J. MONTGOMERY, TARENTUM, PA. 


Preface. It is exceedingly probable that strength tests made 
upon raw clays have much greater inherent value than has usually 
been attributed to them. While many strength tests of various 
kinds have been reported, little or no actual use has ever been made 
of the data. It seems reasonable to believe that reliable data upon 
strength contains much more information than has ever been gotten 
out of it. | 

In connection with strength tests that have been made upon 
raw clays it has been the exception rather than the rule to give 
any description of the drying treatment preparatory to the testing. 
It has been recognized that the method and thoroughness of drying 
were of importance, but neverthelesslittle attention has been paid to 
this phase of the work. Some test specimens have been simply air- 
dried, some have been air-dried and then dried to constant weight at 
60°C. or at about that temperature; but the most common method 
has been to air-dry the bars, then carry them to constant weight at 
105°C. or 110°C. directly. That none of these methods of drying 
gives reliable and consistent results is shown by the data here 
given. 

Materials Tested. St. Louis fire clay (washed) was selected 
for the experiment because it was considered to be in many ways 
an average clay, showing rather high plasticity and bonding power 
for a refractory clay. In addition to the St. Louis fire clay alone, 
another series of tests was run using 50 percent St. Louis fire clay 
raw and 50 percent of the same clay burnt and ground to pass a 
10-mesh woven wire screen with wire about 0.030: inch diameter. 
This addition of 50 percent grog renders drying easy, and if varia- 
tions due to differences in drying temperatures were found in this 
series, such effects must be very marked or they would not appear. 
Furthermore the use of 50 percent grog makes a series representa- 
tive of a wide range of clays and clay wares in which the raw mate- 
rial is fairly lean or contains more or less non-plastic material. 
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Method of Testing. In all tests the clay was mixed to the 
best working consistency and then permitted to stand in a moist 
chamber for two days, wet. Bars, 5 inches by 1% inch by ? inch 
were made. All bars were dried in the air for seven days under 
ordinary room conditions before being subjected to the drying 
treatments described. 

With.the St. Louis fire clay alone, bars after standing in the air 
for seven days were divided into five groups. The first ones were 
broken in the air-dried condition without further drying. The 
second were put into an electric drying oven with automatic tem- 
perature control in which the temperature was 60° C. They were 
held at 60° C. until constant in weight and for one hour thereafter. 
They were then transferred to a desiccator over H.SO., and when 
cold were broken by the transverse method, the bar being placed 
on supports four inches apart and a constantly increasing load 
applied at the middle until breaking occurs. The modulus of rup- 
ture was then calculated. The third, fourth and fifth groups were 
handled in the same way, being dried at 100°, 120., and 150°C. 
respectively, in each case the oven being at the designated ‘tem- 
perature when the bars were introduced. Introduction of the bars 
cooled the chamber, and usually about one-half hour was required 
for recovery to the required temperature. The modulus of rupture 
was calculated according to the formula: 


= or with 1=4 inches 





me Ol, 
bd? 
when W = Modulus of rupture in lbs. per sq. in. 
P = Load in lbs. 
b = Breadth of bar. 


d = Depth of bar. 


The mixture of 50 percent St. Louis fire clay and 50 percent 
grog was handled in the same general way, but the drying tempera- 
tures were 40°, 60°, 80°, 90°, 100°, 110°, 120° and 140° C. 

The results of the work outlined above showed, that if drying 
were done below 100°C., full strength was not developed; but on 
the other hand, if drying were done directly at a temperature above 
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100°C. (after it had reached air-dried condition), the structure was 
destroyed by too rapid drying. Therefore, the following combina- 
tions of drying temperatures were tried with the mixture containing 
50 percent grog. In each case the bars were air-dried for seven 
days and then dried to constant weight and held for one hour longer 
at each temperature before proceeding to the next higher tempera- 
ture. The combination temperatures were, 60—90-110°C., 90-110° 
C., 90-110—-140°C. 

Data. The St. Louis fire clay alone when dried in the air for 
seven days and then at the given temperature as described above 
gave the results shown in Table 1. The data is shown graphi- 
cally in Figure 1. 














TABLE 1 

AIR-DRIED 60°C. 100°C. 120°C. 150°C. 

if 294 334 433 274 274 

2 276 371 460 165 198 

3 334 369 402 165 178 

4 263 3/1 359 201 173 

5 304 | 381 360 104 76 

6 295 369 367 127 163 
Average... 294 366 397 173 177 




















The mixture of 50 percent raw clay and 50 percent grog gave the 
results shown in Table 2, and Figure 2 shows the same in graphic 
form. 


TABLE 2—50 PERCENT ST. LOUIS FIRE CLAY +50 PERCENT GROG 
Modulus of Rupture when Dried at Different Temperatures 





AIR-DRIED |) 40°C; || 60°C. |) 80°C. | 90°C. | 100°C. | 110°C. | 120°C. | 140°C. 








1 201 16452082901 306 |) 259)! 271) | 2997) 226 
2 200 22s) 25465) B24 12081 332 | 202 | 221 
3 191 OV 2aoak 216. veer |, 300.) (323 1265) 255 
4 192 199 | 263) 265 OSBAe BB 1 962") =219 
5 196 219 | 269] 291 285 | 286 | 238 
Average....| 196 DOTA sas wer’ te 319.|: 286 |) 8306-1" 281) 282 
































A study of the data of Tables 1 and 2 showed that full strength 
was not attained in drying at temperatures under 100°C., and that 
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drying above 100°C., if done directly at that temperature from the 
air-dried condition was not safe. It seemed necessary therefore 
to combine these results to obtain reliable results. The combi- 
nations tried were those given in Table 3 where the results are 
included. 


TABLE 3—50 PERCENT ST. LOUIS FIRE CLAY +50 PERCENT GROG 
Modulus of Rupture when Dried at Different Combinations of Temperature 




















60-90-110° 90-110° | 90-110-140° 
1 334 330 325 
® 314 327 309 
3 362 324 | 299 
4 332 346 311 
5 336 297 
Aeragorss kitts pase ate 331 | 308 








In addition to the above work on temperatures of drying, drying 
over sulphuric acid was tried. The results were fair. A very low 
water content could be obtained with accompanying high strength, 
but the method is too slow for ordinary laboratory use. 

Relation of Moisture Content to Strength. It is of interest 
in connection with this work, to note the relation found between 
the water content of the dried test bars and their strength. After 
the bars were broken, their moisture was determined, and ‘the 
average of the results is given below. These data are not offered 
as being of high accuracy or at all complete, but they suggest a 
relation of considerable interest (see Fig. 3). 

















TEMPERATURE H PERCENT WATER | MODULUS OF RUPTURE 
AR ECG TTS RS GA KB lar on a a EE 1.03 | 196 
> (CO OR AR, NI Mai cee se tas pean 0.26 306 
Over HoSO, six. dayse. 2) oe. 0.23 S12, 
OOO ee et hse fas as ook 4 0.10 324 





Discussion of Results. The data here presented has been 
substantiated by a very wide range of laboratory work, and it is 
very clear that the temperature of drying is of great importance — 
in making strength tests of clays. Tests reported without specify- 
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ing the drying treatment are of doubtful value. And there are 
certainly many cases in which drying is specified in which the 
drying treatment alone would condemn the work. 

With St. Louis fire clay alone and with 50 percent grog (burned 
clay of the same kind) the results shown in this paper may be sum- 
marized as below. 

1. Over 100 percent variation in the modulus of rupture of raw 
clay bars has been caused by variations in the drying treatment 
after the bars have reached the air-dried condition. The same 
general statement applies to the 50 percent grog mixture as to the 
raw clay, but of course the effects are sharper and more clearly 
defined in the case of clay alone. 

2. It is evident that the strength of air-dried samples is very low 
in comparison with the results, when the bars are more thoroughly 
dried. In the air-dried condition either the clay alone or the 50 
percent grog mixture shows not over 50 percent of its maximum 
strength. | 

3. Test bars dried at temperatures below approximately 100°C, 
do not attain full strength. 

4. If air-dried bars are placed directly in an oven at tempera- 
tures above 100°C., they are disrupted by the rapid escape of 
water vapor. 

5. When air-dried bars are dried to constant weight at tempera- 
tures safely below 100°C., and then further drying to constant 
weight at a temperature somewhat above 100°C., the results are 
good, showing that the higher temperature in itself does not cause 
low strength. 

6. It is evident that for a reliable and satisfactory test, bars 
after being air-dried must be dried to constant weight at a tempera- 
ture safely below 100°C. and then further dried to constant weight 
at a temperature somewhat above 100°C. 

7. Within certain limits a definite relation is indicated between 
moisture content and modulus of rupture. 

Summary. The application of the results is limited to St. 
Louis fire clay alone and the same with 50 percent grog or to such 
clays or mixtures as may be considered to be represented by these 
materials. Within such limitations the following statements will 
hold. 
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1. The modulus of rupture of raw clays varies enormously (over 
100 percent) with the drying treatment after the test bars have 
become air-dried. 

2. To insure reliable data the laboratory drying of test bars must 
embrace (a) air-drying, (b) drying to constant weight at a tempera- 
ture safely below 100°C. (say 75°C.), and (c) a further drying to 
constant weight at a temperature above 100°C. (say 110°C.). Dry- 
ing below 100°C. does not develop full strength and drying at above 
100°C. directly causes rupture due to the rapid escape of water 
vapor. 

3. A satisfactory drying treatment is the following: 

a. Air drying for about seven days. 

b. Drying to constant weight at 75°C. 

c. Further drying to constant weight at 110°C. 


DETAILS OF A SUCCESSFUL GRAVITY HAULAGE SYSTEM 
OPERATING UPON LOW GRADES 


BY FRANK H. RIDDLE, ABBOTSFORD, B. C. 
INTRODUCTION 


One of the most important considerations in the establishment 
of a clay working plant is the winning of the raw material, par- 
ticularly if heavy products are to be made. How the clay is ob- 
tained and handled is an important item which will show how its 
good or bad qualities when the factory has been in operation a 
very short time. 

The factories mer er i near a hill, so that the clay is obtained 
directly behind and slightly above them, are very fortunate as 
compared with those that obtain clay from pits below factory 
level, or even below water level. 

Wherever a gravity system can be used it should, by all means, 
be installed. A mine with a grade of 8 to 10 inches in the 100 
feet will operate very well, for the empties can be pulled up the 
slight grade and the loaded cars will run down practically of them- 
selves. When the grade in the mine, or out, increases to 4 to 8 
percent, troubles begin, for the loads run away and the empties 
are hard to get back. Power will nearly always be necessary in 
cases of this sort. When the grade increases sufficiently, gravity 
can be used and arrangements made so that the loaded cars going 
down will pull the empties up. This is the ideal system and is 
well worth using wherever possible. The only question arising, 
when the grade is continuous, is on how low a grade will it operate. 
The steeper the grade, of course, the surer one can be that the 
system will work. 


DESCRIPTION OF THE SYSTEM 


Construction and Operation. The illustrations and sketch show 
a case where the grade varies very much and is not over 16 per- 
cent in the steepest part. The clay from one mine (No. 6) is 
brought out on a 1 percent grade and dumped down a steel-lined 

















Plate I. No.4 bunker, showing No. 6 tipple and chute in background. 
Note track on right going into bunker from No. 4 mine. 











Plate II. Passing track on tram line 
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- chute, 145 feet long. The grade is 33 degrees, and the speed of 
the clay accelerated so rapidly that it was necessary to install 
three very heavy swing doors at equal distances apart in the 
chute to check the speed. Ordinarily the clay slides very well; 
but in wet weather, before the chute was covered, the clay lumps 
would start to roll and the doors were very useful in checking 
the rolling, as well as decreasing the speed of the sliding clay. 
For a short time, the chute was operated without being steel-lined 
and was a failure, for the clay would not slide and had to roll. 
A ton would be dropped into the chute, and about a third would 
reach the bunker below. ‘The rest would jump out. The steel 
lining overcame this at once. 

The storage bunker at the foot of-the chute stands at the head 
of the gravity tramroad in a position high enough for cars to pass 
underneath for loading. The clay slides through chutes at the 
bottom of the bunker to the cars. The gates for these chutes 
have proved very satisfactory and operate with ease. 

When the tram was first operated, we expected trouble, for even 
the steepest part is of low grade for work of this sort, also because 
of the wide variation in grade. The lowest 250 feet is about 5.3 
percent and the upper 250 feet is 13 to 16 percent grade. This 
means that when the loaded cars are near the bottom on the 5.3 
percent grade, the empties are near the top on the 16 percent 
grade, and the difference in weight between the empties and loads 
must be great enough to take care of the added variation in grade, 
as well as the variation that would occur if the grade was continu- 
ous. The tram line is 1200 feet long having three rails and with 
a passing track at the center. The cable joining the cars runs 
around a friction head gear at the head of the tram. This can 
be operated at will and thus the speed of the cars can be controlled. 

In starting, the heavy cars are on the steep grade and empties 
on the low grade, so that there is no trouble in gaining speed very 
rapidly; and it is necessary to apply the friction on the head gear 
until the cars pass. From here on, the variation in grade is the 
reverse, i.e., the loaded cars are going along on the low grade and 
the empties are going up the steep grade. The only thing which 
overcomes this difficulty is the momentum which the cars gather 
in the start on the heavy grade. To operate the tram properly 





Plate III. Looking down the last three hundred feet of the tram. 
Showing the cable on rollers and cars at end of line, also elevator and 
track into the factory at the right. 








Plate IV. Tram line frort bunkers and mines beyond at the left, and 
tracks coming into factory from the crusher and elevator at the foot of 
the tram line. 
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it is necessary to use considerable judgment in the beginning of 
the trip to secure just enough speed to produce sufficient momen- 
tum to carry the load down the low grade and to take the empties 
up the steep grade. If, for any reason, it is necessary to stop the 
loaded cars on the lower side of the passing track, it is not possible 
to start the system again. This shows that the momentum gained 
in the start is all that carries the cars over this part. A glance 
at the section drawing of the line will show why the system was 
built with the grade as it is. It would have been necessary to 
make a trestle the entire 1200 feet to have secured an even grade. 
This would have been ideal in operating, since the cars could have 
been stopped and started at will; but the first cost would have 
been great. 

This same tram line is used for carrying our No. 3 and No. 4 
clays as well as the No. 6 clay. The section drawing shows a 
bunker with two storage bins just down the hill from the No. 6 
bunker. The clays are brought about 400 feet to this bunker 
from a mine around the hillside, on a grade of 10 inches to the 100 
feet. In order that one man could operate the tram from any of 
the bunkers, it was necessary to cut sight holes in the front bunker 
so the position of the cars could be seen from the top bunker also 
from the upper section of No. 4 bunker. The lever operating the 
friction head gear was also extended by means of a connecting 
rod to the lower bunker; and levers were put in at each one so 
that the operator can stand at any bunker, open the gates to 
load the cars, operate the friction gear, and see the cars on the 
trip. If it was not for the extension of the gear levers, it would 
be necessary for the operator, in working the front bunker, to 
run down to it to fill the cars and then run back up to the head 
gear to let the cars down. ‘The only other solution for this would 
have been two men. | 

In using the three bunkers on the one system, it is necessary to 
have the passing track long enough for the cars to pass when run- 
ning from any bunker. The lower switch point must be three 
or more car lengths below the point midway between the spouts 
on the lowest bunker and the extreme lower end of the tram. The 
upper point must be the same distance above the point midway 
between the spouts of the upper bunker and the extreme lower 
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end of the tram. It is also necessary to have two extensions on 
the cable so that the upper cars are in a position to be loaded at 
the same time the loaded cars are at the low end of the line being 
emptied. These extensions are the same length as the distances 
between the bunker spouts. 

If the upper bunker is empty and it is desired to change and 
operate from the lower bunker, the operator lets the loaded cars 
down until the empties are in the proper place for loading from 
the low bunker and fastens the empties, so they will not run down 
the grade when the loaded cars are unfastened from the other 
end of the line. The loaded cars will stop the same distance from 
the lower end of the tram line as the empties do from the top, 1.e., 
the distance between the two bunkers. The man who dumps the 
cars at the end of the tram then unfastens the loaded cars from 
the cable, pushes them down to the chute above the crusher and 
dumps them. He then lets out the extension cable and connects 
it to the cars. By the time the crusher has taken care of the 
clay just dumped into it and it has been taken to the proper storage 
' bins in the factory, the man at the head of the tram has con- 
nected up his lever so he can operate the head gear from the low 
No. 4 bunker and has loaded the cars. When he lets these cars 
down the tram, the empties will stop at the proper place for load- 
ing from this same bunker, for the extension cable is equal to the 
distance between the two bunkers, as described above. 3 

Capacity. At present the line is being operated with two, 
twenty cubic foot capacity, cars on each track. Each car aver- 
ages about 1.1 tons, so that each trip means 2.2 tons of clay. The 
two cars can be loaded, let down, and unloaded in four minutes; 
and at the same time they are being unloaded, the other two cars 
are being loaded. This gives the line a capacity of 300 tons per 
day of ten hours, allowing 10 percent for delays. By using one 
car on each track, arrangement can be made for the cars to dump 
automatically and we could thus save the expense of the man at 
the foot of the line. At present the man there is not only dumping 
these cars but also taking the cars of crushed clay into the fac- 
tory and dumping them into the storage bins. This also will be 
done away with as soon as a conveyor is installed. 
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CONCLUSIONS 


Advantage. The advantages of the gravity system hardly re- 
quire any remarks. Perhaps the greatest one is the fact that the 
capacity of the system is doubled, for where power is used to pull 
the car back there is not another car going down with a load as in 
the case of the gravity system. For some time the system was 
operated with power. A twenty-five horse power, donkey engine 
was used; and the system required a British Columbia licensed 
engineer, a wood cutter, and a man to load the cars. The gravity 
arrangement has doubled the capacity and saved the generation 
of twenty-five horse power. If it had been intended to use power 
permanently, a motor would have been employed so the labor 
cost would have been the same. The power would have cost con- 
siderable however. 

Possible Modifications. Where the layout permits, a contin- 
uous grade of 12 or 15 percent would make a far safer system for 
operating, since the cars could be started from any point along 
the line. A four-rail system will also prove more satisfactory, for 
there are no bends in the track, which may cause wrecks when 
the cars are let down too fast. The cable will always run in the 
center of the tracks, and it will be much easier to keep on the 
rollers. The rollers will be of use more to keep the cable from 
wearing than to decrease the resistance caused by it rubbing along 
the ties. 

An Additional Use. This system has since proved very satis- 
factory in making clay mixtures. In making fire brick, the clays 
were taken down to the factory separately and mixed in diaphragm 
cars; but now the tram cars are partly loaded at one bunker and 
then let down the tram to the next bunker and filled. In this 
way any mixture can be made very readily, and by the time the 
clay is dumped, crushed, elevated to cars, dumped in bins and run 
through the dry pans and wet pans, it is thoroughly mixed. Again 
if an error is made in the mixing of one car lot, it does not dothe 
damage that would be done if the clay was mixed in a diaphragm 
car and dumped direct into a wet pan and made into brick direct. 


POTTERY FIRING BY PYROMETRY 
BY EDWARD C. STOVER 


So much has recently been written on the subject of “ Firing’’ 
(particularly in our Vol. XIV in ‘The Melting Points of Pyro- 
metric Cones Under Various Conditions” by Samuel Geijsbeek 
and discussions accompanying) that it would almost seem there 
was little left to write about; but as more light on this difficult 
and uncertain part in ceramic productions will always be accept- 
able to the genuine student, I will venture to endeavor in this 
brief note to cover a few of the untouched though vitally important 
points. . 

The early firing that is commonly spoken of as “the water 
smoking,” or in other words, “the driving out of the chemically 
combined moisture” not removable in thedryroom, occurs in firing 
the various ceramic products between lighting up and cherry- 
red heat, approximately 1688°F., 920°C., Seger cone 011., Wedge- 
wood shrinking block trial 5. This vital point is reached at times 
varying from twenty hours to sixty hours, according to kind of 
product, size and construction of kiln, etc. A great many people 
do not thoroughly realize how important this early part of the 
firing really is, that the size of their scrap pile (which as we all 
know does not include profits) is very frequently determined dur- 
ing the very early stages in firing, and that this point is not indi- 
cated definitely and accurately by any of the old methods of fir- 
ing, including the Seger cone method. : 

There is now in use in some plants in England and the United 
States a system of firing by withdrawing at stated intervals, of 
about five hours each, rings with holes in the center. By accur- 
ately measuring the swell or shrinkage of these trial rings, the fir- 
ing is accomplished. This has been said by some one to be an 
application and modification of Joseph Wedgewood’s shrinkage 
blocks and his system for measuring the same; but this is stoutly 
denied by the originator of the present system. 

If knowing what progress is being made every five hours, or 
every hour in fact, is important in kiln firing, including the early 
stages while the swelling is going on and the chemically combined 
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water is being driven off, which is now admitted by some of our 
_best and most experienced ceramists of the present day to be one 
of the most important times of firing kilns; a continuous knowledge 
of the progress of both tops and bottoms at various points, plainly 
recorded in ink on a chart, would seem to be additional valuable 
knowledge at this most particular time in firing. I do not claim 
that this method should supersede all others; but owing to the 
vast importance, risk, loss and cost during the firing period, any- 
thing that will shed more light into what is now the dark and 
dangerous corners should be added to what we already have, for 
a thorough trial and test, to see if the disappointments and losses 
from these sources can be minimized. 

The busy foreman with years of experience, naturally knows 
a great deal about kiln firing; but under any of our old systems, 
he is wholly at the mercy of his fireman. By the aid of a reliable. © 
recording pyrometer, he can see at any time if the firing is pro- 
gressing along the lines of his instructions. The fireman also 
can see at any minute of the day or night, by simply glancing 
at the ink record chart, the exact status of the various quarters.. 

By keeping these charts in file, and by noting on them just 
which kiln they represent, and final results after drawing, it soon 
becomes an easy proposition for the foreman to select one of a 
properly fired kiln as a sample chart for his fireman to go by in 
handling the future kilns. This system enables the firing to be 
— controlled in a way that cannot be accomplished by any other 
yet devised. This is particularly true of the early stages of the: 
firing, where so many of the losses are started. 


; 


NOTE SUBMITTED AFTER READING THE PAPER 


Mr. Geijsbeek: It is very gratifying to me to note that Mr. 
Stover advocates the use of pyrometer in firing pottery kilns so 
that there can be obtained an accurate record of the heat of such 
kiln from start to finish. It is getting more and more known 
and understood that the sources of several losses in the finished 
clay products can be traced to the period in which the kiln is 
still black while under fire. The water smoking and the driving 
off of the chemical combined water are two stages in the burning 
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of clay products which cannot be handled by cones, and a pyrom- 
eter will greatly aid in getting more knowledge and data, and | 
therefore more desired results, than anything so far adopted 
and in use in the burning of kilns for the clayworking industry. 

The system of trial pieces which Mr. Stover mentioned appeals 
to me as being a good one, for it will give, in connection with a 
pyrometer record, additional information as to the physical 
condition and the chemical changes which take place in the burn- 
ing of clay products at a particular stage and time of observation. 
He does not state the name of the originator of this ring with 
hole system, but very likely he refers to the Watkin system. 
In an article in the Transactions of the English Ceramic Society, 
1902-03, Vol. II, Mr. Watkin! describes a pyrometer for pottery 
purposes based on the principle of the contraction of clay. This 
system is really too elaborate for practical use; but if simplified, 
it will work alright and: give a great deal of valuable data for the 
burning of clay ware. | 

The water smoking period can be judged in most cases to a 
certain point of accuracy; and if a clayworker is troubled with 
watersmoking defects, it is due to his ignorance of the process 
of changes that take place while firing. A close study of the 
troubles will soon overcome the defects. The dehydration period 
during which the chemical combined water is driven off, has, 
however, not been subjected so far to any controlling device. 
While much data is available as to what takes place in that 
period of firing, nothing to any extent. has been done to control 
this period, with the exception of a close observation of the pyrom- 
eter registering either increase or decrease of heat at that period. 

Mr. Stover mentions that the shrinkage and the swelling of the 
clay will have to be observed. We have further the action of the 
gases to deal with, and these should be watched closely. Experi- 
ence has shown that bodies, which under ordinary conditions will 
burn yellow in an excess of air current, will burn a more or less 
_ intense red when burnt in a current of sulphur gases. This same 
phenomenon has at times caused potters many losses and troubles 
by producing red specks in biscuit whiteware firing. It is caused 


1 Transactions of the North Staffordshire Ceramic Society, 1902, page 93. 
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by the sulphurous gases while firing acting on the iron contents 
of the setting sand. The data collected by A. Hopwood and 
W. Jackson, while conducting a large number of experiments to 
show the coloration of clayware while firing, gives an idea of the 
difficulties which kiln gases can cause in the early stages of the 
firing. 

It must be born in mind that the chemical changes in clay are all 
produced by heat; and while we do not have any exact data as to 
when these changes take place, nor if they are alike for all clays, 
we are getting more and more intelligible data for handling this 
problem. ‘The chemical changes that take place in other mineral 
products by heat applications are nearly always at the same 
temperature, and it is therefore safe to assume that the chemical 
changes in clay products take place under similar conditions. 
For the present while we have nothing better, it is therefore 
essential to have a pyrometer control of the kiln heat, and espe- 
cially of the period of, so called black heat, which cannot be judged 
by eyesight and is invisible as far as heat rays are concerned. 


A METHOD OF TESTING CRAZING OF WHITE WARE 


BY HERMAN HARKORT, DRIESSEN, GERMANY 


INTRODUCTION 


The most important qualifications of white ware are density and 
immunity from crazing. Although white ware of defective density 
is often manufactured and finds a satisfactory market, a continuous 
production of ware which crazes is impossible. Such ware is almost 
worthless and finds no permanentcustomer. And yet almost every 
factory has this detect to combat ocasionally, if not continuously. 
This is especially true when changes in the crude materials, the clay 
in particular, are undertaken. At any rate, an astonishingly large 
sum would be found if the losses from crazing of white ware were 
compiled. That this is the case at the present time is due to in- 
sufficient knowledge of the influence of body composition upon the 
development of crazing. 

The fundamental laws which Seger established in this matter 
on the basis of his investigations, are too general to provide clear 
and definite information for practical use. In particular, every as- 
sertion concerning the body and the range of the necessary changes 
fails. Seger went on the supposition that the real cause of craz- 
ing is the difference in the coefficients of expansion of body and 
glaze. Thus he exposed the fundamental cause for the phenome- 
non and established the investigations concerning it upon a scien- 
tific basis. But in connection with this, other important factors 
must be considered; and, if the concordance of the two coefficients 
was the sole possibility of correcting the crazing of the glaze, the 
manufacture of white ware would probably be an impossibility. 
In the Transactions of the American Ceramic Society reference has 
been made to the inadequacy of Seger’s views. 

The real reason for the insufficient knowledge concerning this 
vexing question is the fact that, up to the present time, there has 
been lacking a method for proving that white ware is reliable and 
free from objection in respect to the development of crazing. It 
is above all to be considered that a piece which leaves the kiln free | 
from crazing may become crazed after the lapse of more or less 
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time, and that this often occurs in use. It must further be recog- 
nized that this does not always occur, however; and that more 
often objects remain free from crazing in spite of many years 
service. There is, therefore, a complete range possible, from imme- 
diate occurrence of crazing to absolute resistance to the crazing 
tendency. | 

In consideration of these conditions, it is clear that searching 
and systematic investigations, involving observations covering 
months or perhaps years, in which preservation of the objects under 
tests under the same conditions must be secured, presents an insur- 
mountable difficulty. I know of no research which would be un- 
dertaken after consideration of this point. And yet, to establish 
whether the glaze may be relied upon for long continued service, is 
certainly more important than observing whether the crazing begins 
at once or not. The greatest loss in manufacture occurs when the 
ware becomes crazed a long time after being fired, since it has been 
thus far not possible to prove that the changes (in body composi- 
tion) undertaken up to that time were leading to the goal. With- 
out going further, it is clear that in this way years might pass before 
the goal would be reached, and that even then it could be retained 
only by clinging convulsively to the composition of body and glaze 
which had been won. In short, the impossibility of a craze-test 
for glazes has made impossible a deepening of the knowledge con- 
cerning this point, and has introduced an inflexibility in factory 
_~ methods which alone makes it comprehensible that in entire dis- 
tricts ware is manufactured in an irrational and improper way, on 
the strength of an apparently unbreakable tradition. According 
to Seger’s conception, the proximity of the coefficients of expansion 
of body and glaze ought to be determined. But apart from the 
fact that these determinations are too delicate and tedious for 
_ practical factory control, it is plain, as I shall later show in 
certain observations, that in spite of the difference in the coeffi- 
cients of expansion, a sufficient security against crazing may be 
attained when in any manner intervening adjusting layers are 
developed between the-body and the glaze. Likewise the elasticity — 
of the glaze playsardéle. A test method must therefore be found 
which is founded upon the actual conditions. 

With unsimilarity of the coefficients of expansion, the glaze is 
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found to exist in a strained condition which ultimately results in 
rupture. This occurs the earlier, the oftener the object is subjected 
to temperature alternations, that is, when it has been alternately 
released from tension and again been brought into tension, and the 
higher and more sudden these temperature alternations are. 


THE METHOD OF TESTING 


Upon these observed facts depends the following method of 
testing: the object to be tested is heated to a certain temperature, 
and then is suddenly reduced to room temperature by plunging into 
water. This procedure is continued with successive elevation of 
temperature each time, until a rupture occurs. That which occurs 
slowly and in small degree in actual conditions of use, is here inten- 
sified and produced in a very short time. This method of testing is 
independent of any particular theory of crazing, since it reproduces 
simply the actual working conditions. Since, as the result of this 
test, an earlier cooling of the glaze than of the body occurs, the 
objection may be made that the glaze must necessarily rupture 
even though the glaze and body have like coefficients of expansion 
and contraction. However, in such a case the test will indicate 
a greater ability to withstand strain than in cases where the same 
glaze is used with a body of smaller coefficient of expansion. The 
method gives relative results in every case and it is very important 
to make the observation that the crazing of a glaze by “‘ quenching ”’ 
does not necessarily allow us to conclude that it would do likewise 
under conditions of use. 

For carrying out the test, I employ a drying oven which is heated 
by electric current with the greatest possible uniformity by means 
of wire winding. It has been found practical to go to 120°C. on the 
first heating; and then, in case no crazing of the glaze occurs, the 
testing temperature is raised 10° each time. The heating must be 
accomplished gradually in order that the piece actually acquires 
the temperature which the thermometer indicates in the center of 
the oven. 

I introduced this test two and one-half years ago, and in the lapse 
of this time have studied a great number of pieces which were not 
tested but which were carried through the complete process of 
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manufacture at the same time as the pieces which were tested. In 
this manner the results of the test could be compared with the 
actual behavior (of untreated pieces). During the same time, the 
commercial output of the factory was controlled, and the conclu- 
sions which could be drawn from the results of this control agreed 
with the actual behavior. | 

As a result of this, the following condensed statements may be 
made. With a quenching temperature limit of 120°C., crazing 
begins in a few days. With quenching results at higher tempera- 
tures, the durability of the glaze increases, until at 150°C. a period 
of approximately three to four months is necessary. At 160°C. 
the majority of the pieces were not crazed after fifteen months, 
although in one case a rupture occurred after eight months. At 
170° and 180° with one exception, durability continued during the 
entire period of observation of two and one-half years. In ware 
that stood a temperature of 190° and above, not a rupture has 
occurred up to the present time. One would designate 200°C. 
as certainly a safe minimum for a durable product. 

That entirely sharp results were not obtained is.explained by the 
fact that the temperature is not the same in all parts. Then also 
the thickness of the glaze necessarily plays a réle, since a thicker 
glaze ruptures more easily than a thin. Investigations concerning 
this point have shown that variations up to 20° in the quenching 
temperatures are possible. 

The possibility of so regulating the test that the temperature 
after each test was not elevated but was always brought back to 
120° was then investigated. The following table shows the results: 





} 








Se ease Onin TEMPERATURE OF FAILURE REPETITION OF THE TEST AT 120° 
TY De: Up to 210° not crazed After 15 tests not crazed 
Ganie lis... 190° After 15 tests not crazed 
GEM Tots 150% After 5 tests not crazed 
INEM see 120-130° After 38 tests not crazed 








By this method a gradation was obtained similar to that by 
quenching after elevation of temperature; but since the latter 
treatment is accomplished more quickly, it is naturally to be given 
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preference. It may be possible in cases where the coefficient of 
expansion ef body and glaze are nearly the same that a rupture 
occurs when a high ‘‘quenching” temperature is used, but if a 
lower quenching temperature were used the glaze might remain 
sound. Moreover, the elasticity of the glaze plays an important 
role, and it may be that the elasticity is so small that when the piece 
is subjected to quenching, in which the glaze always contracts 
faster than the body, crazing occurs at a low temperature. In 
such cases, however, it can be said of the glaze, that it is little suited 
for making a durable product. If this case appears in the testing 
of a body, another glaze must be selected which has stood higher 
temperatures when used on other bodies. 


CONCLUSION 


In general, the process offers a proved, quick, and reliable method 
of obtaining enlightment, heretofore entirely lacking in pottery 
manufacture, concerning the question of development of crazing in 
glazes. Concerning the results of a systematic investigation of the 
relations between body composition and the development of crazing 
in glazes, and concerning the possibility of bringing about relia- 
bility in that way, I will report in a later communication. 


SILICATE ENGINEERING OR CERAMIC ENGINEERING, 
WHICH? 


BY SAMUEL GEIJSBEEK, PORTLAND, ORE. 


In a report of the director of the Oregon state bureau of mines 
to the twenty-seventh regular assembly of the Oregon legislature, we 
find the following statement: ‘Among the important geological pro- 
ducts of the state which should be rapidly developed, the Ceramic 
industry is one which in our opinion should receive state atten- 
tion. In the modern sense of the word this term is now generally 
applied to the technology of the earthy and non-metallic minerals 
and hence embraces the so-called silicate industries which deal with 
the manufacture of all kinds of clay products, glass, cement, lime, 
plaster, etc.”’ This statement has produced a great number of 
objections, not only from the clay people but also from the cement 
and quarry men, as to the application of the term ‘‘ceramic indus- 
try’’ to something which has never anything to do with ceramics. 
Therefore to include with this term all the earthy and non-metallic 
mineral industries is evidently something with which the general 
public is not in favor, and which will confuse each industry by 
itself. For instance, a lime burner or lime manufacturer would 
feel embarrassed if his product would be called “ceramic ware,” 
and a cement man would certainly find it a good joke on the clay 
_. people—whom he does not love very particularly anyhow—if his 
line of cement products would be classified as ‘‘ crude ceramic ware”’ 
in comparison with fine china or pottery manufacture, which would 
then be classified as “fine ceramic ware.”’ 

If the scientific people have been advancing such terms, they 
have certainly done so without consulting the practical man, who 
begins now to feel that his original trade name is in danger of being 
taken over by some of his competitors. 

In order to obtain a definition of the word ‘ceramics,’ we have 
obtained from Professor Orton the following: “Ceramic engineer- 
ing is the engineering and technology of the silicate industries, 
especially the clay, glass, cement and mortar material industries. 
Employing the words ceramic engineering rather than ‘ceramics’ 
will eliminate the old idea of ceramics, as the word engineering 
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added to it will automatically carry a meaning which removes the 
idea of the art phase of the subject, and brings in the technical.’’ 

Professor Bleininger states that “‘the subject of ceramics as 
taught in our schools includes the manufacture of clay products, 
glass, cement, lime, etc., and it is becoming customary even in 
Europe to collect the various rock product industries under this one 
general heading. The use of the word ‘ceramics’ in this connec- 
tion is undoubtedly bad practice, and this point is freely conceded. 
I would suggest the term ‘silicate technology.’ ”’ 

Personally, we do not fully agree with these definitions of the 
term ceramics, for if ceramics is one thing, it is certain that the 
engineering of ceramics or ceramic engineering cannot be something 
else. Even if the addition of the word engineering will take the 
art idea away, the finished products, such as cast-cement garden 
vases and highly ornamented or fancy scroll work on cement build- 
ings, would never be in an art sense called ceramics. Asaclayman, 
it is strictly against my views to have the rock producing indus- 
tries classified with ceramics, and we think it will be well to leave 
the word “ceramics” belong to the definition in which it has been 
classified for centuries. You cannot change a name without sanc- 
tion from somebody; and if this matter is properly discussed, we 
think that the application of the term Silicate Engineering will 
far better apply itself to the rock producing, also glass and clay 
industries, as being properly the silicate industries than to change 
them all to ceramic industries. | 

The change of the name to “silicate industries’? will at once 
convey to either layman or technical men the meaning of such in- 
dustries, and do away with any connection with either art ceramics 
or technical ceramics. It will also assist the genuine ceramic people 
to maintain their term as applied to the art of this industry. 


NOTE OF STANDARD TESTING SIEVES 


BY C. H. KERR, TARENTUM, PA. 


Need of Standard Sieves. Most of the sieve test records are 
hopelessly confusing. Usually comparisons are not possible be- 
cause the records do not include data concerning the sieves used. 
When such data are given it is usually necessary to plot cumula- 
tive curves showing the relation between residues and sizes of hole 
before comparisons can be made. It has been apparent to every- 
one that standardization of testing sieves was imperative but never- 
theless no widely used standards have been adopted. Many minor 
points might be given, which should be included in specifications 
for sieves to be used in particular lines of work, but for any purpose 
whatever testing sieves must possess the following requisites. 

1. They must be practical sieves, convenient in use and free from 
unnecessary clogging, etc. _ 

2. The standards must be systematically arranged to make possi- 
ble a regular plotting of sieve test curves. 

3. The sieves must be practical from the sieve manufacturer’s 
standpoint to enable accurate duplication of the work. 

Standards Proposed. Many standard sieves! have been pro- 
posed by different individuals and organizations. No attempt is 
made here to give a complete history of this standardization 
work but some points of development will be noted. 

The Institution of Mines and Metallurgy? of Great Britain 
recommended the ‘I.M.M.Standard Laboratory Screens” based 
upon a constant relation of 25 percent screening area (that is size 
of wire equals size of hole) and also upon a constant reduction of 
25 percent in size of hole between consecutive numbers. ‘This 
25 percent screening area specification means that in the coarser 
screens the wire is exceedingly coarse. The results obtained with 
these standard screens have shown that in the coarser numbers the 





! For a complete bibliography of sieves see Richards, Ore Dressing, Vol. 1, p. 336-86; Vol. 3, 
p. 1361-66; Vol. 4, p. 2018-19. The double Rittinger ratio (basing changes in size of hole on 
/2) was recommended by Hutchinson, Eng. and Min. Jrl. 80: 213 (1905). The “law of 
cubes”’ sieves are discussed by, Dietz and Keedy, Met. and Chem. Eng. 9: 577-80 and Rice, 
idem. 9: 627. 

2 Hlectrochem and Met. Ind.5: 512; 6: 28. 


376 NOTE OF STANDARD TESTING SIEVES 


wire is much too coarse to be at all practical even in laboratory 
work. They show excessive clogging and also a tendency to varia~ 
tion in results because with this very coarse wire different sizes are 
allowed to pass through, varying with the direction of passage 
through the sieve. Many tests were made to show these objec- 
tions. The following illustrate the excessive clogging, the sieve 
test being made on ground fire clay grog. 

14—mesh screen gave 8.0 percent of the residue clogged in the 
sieve. 

20-mesh screen gave 1.8 percent of the residue clogged in the 
sieve. 

In comparison with these figures a fine wire screen as described 
later shows from about 0.1 percent to about 0.3 per cent clogged 
in the sieve. These standard sieves are therefore unsatisfactory. 
With the size of wire equal to the size of hole the above objection 
disappears in the sieves finer than about 30-mesh. 

Committee “HH”? on Road Materials of the American Society 
for Testing Materials* reeommended a set of standard sieves for the 
testing of road materials. The specifications are given below. 

















MESH DIAMETER OF WIRE SIZE OF HOLE 
anches inches 
10 0.027 0.073 
20 0.0165 0.0335 
30 0.01375 0.01958 
40 . 0.01025 0.01475 
50 0.009 0.011 
80 0.00575 0.00675 
100 0.0045 0.0055 
200 0.00235 0.00265 














From the standpoint of convenience in use these sieves give 
satisfaction; but the series is not complete, and the successive 
steps-are not arranged in a systematic order to best facilitate 
recording and comparing the data. 

The Bureau of Standards at Washington has taken up the ques- 
tion of standard testing sieves and has recommended a series of 
sieves based upon a 200-mesh sieve (size of hole 0.0029 in.) and 





3 Proc. Am. Soc. Testing Materials, Vol. 9, p. 24 (1999). See also Bulletin No. 38 Office 
Public Roads. 
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increasing the consecutive members by the V2 or 0.414. This is 
the well-known Rittinger ratio. This basic ratio is an excellent 
one for the reasons noted below. Following this scheme a very 
satisfactory series of sieves can be developed, and this has now been 
accomplished. 3 

New Standard Screens. Based upon the Rittinger ratio the 
W.S. Tyler Company of Cleveland, Ohio, has developed a standard 
screen scale which meets our needs. Starting with the 200-mesh 
sieve with size hole equal to 0.0029 in., each coarser sieve is 0.414 
larger in size of hole than the next finer number, and for each size 
of hole a suitable size of wire is chosen thus establishing the mesh. 
As now arranged the sieves are as follows: 














MESH SIZE OF WIRE SIZE OF HOLE 

inches inches 

0140 ane 1.050 

0.135 0.742 

0.105 0.525 

0.092 0.371 

3 0.070 | 0.263 

4 0.065 | 0.185 

6 0.036 0.131 

8 0.032 0.093 

10 0.035 0.065 
14 0.025 0.046 
20 0.0172 0 .0328 
28 0.0125 | 0.0232 
35 0.0122 0.0164 
48 | 0.0092 | 0.0116 
65 | 0.0072 | 0.0082 
100 0.0042 | 0.0058 
150 0 .0026 0.0041 
200 | 0.0021 | 0.0029 





The advantages of this series of sieves may be summarized as 
follows. 

1. The sieves are practical working sieves and can be obtained 
without being made on special order. 

2. In the complete series of sieves tbe size of hole increases 
according to the Rittinger ratio of 0.414to1. By omitting in regu- 





4 Richards, Ore Dressing, Vol. 1, p. 366. 
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lar order, one, two or three sieves, the size of hole may be increased 
by ratios of 2 to 1, 3 to 1 (about), or 4 to 1 respectively. 

3. For direct cumulative plotting this ratio of V2 makes a very 
convenient curve. 

4. The logarithmic plot for this ratio is very simple. Logarith- 
mic plotting is usually more instructive than direct cumulative 
plotting because equal distances along the horizontal scale repre- 
sent equal ratios while in direct cumulative plotting they represent 
equal intervals of size. Therefore in logarithmic plotting the coarse 
end of the curve is compressed, and the fine end expanded as com- 
pared with the direct cumulative plot. 

To illustrate the recording and plotting of sieve test data 
obtained with these sieves an example is given and the curves are 


shown. 
GROUND FIRE CLAY GROG 























SIEVE | 
PER CENT CUMULATIVE 

: i RESIDUE PERCENTS 

Hole Wire Mesh 

inches | inches 
1.050 Ost 
0.742 0.135 | 
0.525 0.105 
0.371 0.092 
0.263 0.070 3 
0.185 0.065 4 
0.131 0.036 | 6 All pass 
0.093 0.032 | 8 16.1 16.1 
02065 acme 0.035 10 122 28 .3 
0.046 0.025 14 11.5 39.8 
0.0328 0012 20 Sat 48 .2 
0.0232 0.012597. 28 729 56.1 
0.0164 0.0122 35 6.9 63.0 
0.0116 0.0092 48 5.8 68.8 
0.0082 0.0072 65 Sol 73.9 
0.0058 0.0042 LOOue 4.4 78.3 
0.0041 0.0026 150 4.0 82.3 
0.0029 0.0021 200 Var 85.0 
0.0029 | 0.0021 200 | 15.0 100.0 





From these data the direct cumulative plot and the logarithmic 
cumulative plot are drawn (see Figs. 1 and 2). 
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DISCUSSION 


_ Mr. Bleininger: I would like to call your attention to an instru- 
ment for estimating the value of sieves. You can tell at a glance 
of balf minute or less whether or not your sieve is off and how 
much it is off. I thought perhaps you would like to see it to-mor- 
row and should be glad if you’d call my attention to it. 

Mr. Kerr: I might add that if anyone is especially interested in 
this work, there are a number of things at the Bureau of Standards 
which they would be very glad to show. 

Prof. Parmelee: What is the shape of the larger sized_ holes. 

Mr. Kerr: All square; they are all woven wire screens. The 
largest size has a hole 0.050 inches in diameter, but in the testing 
work we are interested chiefly in the finer sieves. 

Prof. Parmelee: But of course the circular opening has a distinct 
advantage over the square opening. 

Mr. Kerr: In the larger sizes that is undoubtedly true. If we 
used the very coarse sieves very extensively we would undoubtedly 
adopt the round hole. I might ask if it is possible for the Society 
_ to take action in any way to accomplish standardization along such 
lines as this? It is something, it seems to me, strictly within the 
functions of the Society, and any action along that line would be 
a very great help to all people in ceramic work. 

Mr. Watts: It seems to me that might be taken up but I am 
afraid it would be rather unwise to undertake a discussion of it at 
this time. That might be a good thing to bring up at some future 
meeting or at some future time. 


EXAMINATION OF COMMERCIAL SPAR 


BY WILLIAM J. MCCAUGHEY | 


In the years from 1903 to 1908, there was produced in the United 
States an annual average of 59,000 tons of feldspar with a valua- 
tion of $380,000. Of. this, the major part was consumed in the 
ceramic industries, and this material was sold to the manufacturer 
on a guarantee of geographical location, which may or may not be 
satisfactory. The value of the spar represents, however, but a 
small part of the value of the finished material in the manufacture 
of which the feldspar is used. 

The present paper is an attempt to apply a rapid method for the 
examination of commercial spar and offers observations on the 
mineral composition of spars noted in the course of such examina- 
tions. The basis of this examination consists in the identification 
of the minerals composing the spar and their approximate quanti- 
tative determination. 

The feldspars are aluminosilicates of potash, soda and lime. 
These minerals are the most common of rock forming minerals 
and are found to some extent in almost all rocks and soils and 
particularly are they abundant in igneous rocks. Professor 
Clarke of the U. 8. Geological Survey estimates they make up 65 
percent of the crust of the earth. Commonly these minerals are 
associated in igneous rocks with iron-magnesium minerals, which 
prohibit their use commercially. 

The commercial deposits of spar are found in so-called pegmatite 
dikes which are igneous in origin and appear to be segregations 
produced in the cooling of igneous rocks. It has been. shown by 
Vogt that the pegmatities are likely eutectic mixtures of quartz 
and spar in which the proportion of spar to quartz is about 3 tol. 
The pegmatites may be looked upon as exceedingly coarse grained 
and rather pure granites, consisting mostly of feldspar and quartz 
in which the percentage of accessory minerals present is rather 
low. 

Soda spar or albite is the one end member of a series of isomor- 
phous mixtures in which the albite molecule is partly replaced by 
the pure lime feldspar anorthite. The soda spar of commerce is 
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not pure albite, which is rather a rare mineral, but an albite con- 
taining varying amounts of the anorthite molecule. The presence 
of several percents of calctum oxide should not necessarily be 
regarded as an impurity. 

The potash feldspars consist of the two minerals, orthoclase and 
microcline, and these, when unaltered and pure, have identical 
composition. ‘They have been the subject of considerable mineral- 
ogical research and speculation, which seem to indicate that they 
are identical, orthoclase being an exceedingly finely twinned micro- 
cline. It is difficult to reconcile this statement, however, with the 
remarkable difference in the ability of these two minerals to with- 
stand chemical weathering. Orthoclase is the common potash feld- 
spar occurring in igneous rocks. Where these rocks have been 
subject to regional metamorphism, the orthoclase has been altered 
to form the triclinic potash feldspar microcline. 

The pegmatite dikes of the eastern United States generally 
occur in the very old rocks (pre-Cambrian) and have been subjected 
to the forces of metamorphism which have been instrumental in 
building mountains. It is likely that the result of these forces has 
been to change in a large measure the potash feldspar, orthoclas2 
into microcline. As a matter of fact the potash feldspar com- 
monly present in these dikes is microcline. Several years ago the 
author endeavored to obtain a supply of orthoclase for experimen- 
tal purposes and sent to several mineral collectors and to the United 
States National Museum. Almost all of the samples submitted 
were microcline and the experimental work had to be abandoned 
on account of the unsuccessful search for orthoclase in quantity. 

From the examination of many hundred samples of soil from the 
United States and of other samples collected from different parts 
of the world, it has been an invariable experience to find microcline 
to withstand chemical alteration very well. Orthoclase, on the 
other hand, seems to weather much more readily. In point of 
fact, in soils examined from the coastal plains, we find microcline 
associated witb such insoluble minerals as zircon, tourmaline and 
hornblende. Even in such samples microcline invariably appears 
in grains quite free from chemical disintegration. Orthoclase on 
the other hand is one of the first of the silicates to alter in the ordi- 
nary disintegration of rocks. This difference in the chemical disin- 
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tegration of these two minerals is quite noticeable in commercial 
samples. of spar examined. . 

The soda spar albite is sometimes found eee associated 
with the potash spars existing as an intergrowth of albite in ortho- 
clase or microcline, known as perthite. In the ordinary commer- 
cial spars, this intergrowth is sometimes quite coarse. In the 
smaller crystals of feldspars occurring in rocks, this perthitic inter- 
growth is very fine and is then known as microperthite. Brogger in 
his examination of perthites of Norway assumes that in some of the 
so-called soda orthoclases this intergrowth is so fine that it can- 
not be revealed with the microscope. These he calls cryptoper- 
thites. 

The commercial feldspars are the soda spar and the potash feld- 
spars, orthoclase and microcline, differing in crystal form and cer- 
tain physical properties, and in the ability to withstand chemical 
disintegration. The soda spar albite occurs either separately as 
a commercial spar or associated with orthoclase and microcline as 
perthite. Albite possesses a greater degree of resistance to chemi- 
cal disintegration than does orthoclase, and in the samples of com- 
mercial soda spar little or no signs of chemical alteration appeared. 

The examination of feldspars is carried out with a microscope 
fitted with a polarizing device. The latter is not entirely neces- 
sary but makes examination more satisfactory. The method de- 
pends upon the identification of orthoclase, microcline, albite and 
quartz by differences in the indices of refraction of these substances. 
The distinction between orthoclase and microcline must be made in 
polarized light. 

The feldspar is crushed until it passes a 100-mesh sieve. About 
3 mgms. of this sample is taken on a point of a knife and placed on 
a microscope slide. Beside this is placed a drop of clove oil, the 
two are mixed by the use of an edge of a cover glass and the latter 
is placed on top. Clove oil has an index of refraction (1.527) which 
is intermediate between the indices of the potash spars and albite. 
The index of refraction of the clove oil varies somewhat. The index 
may be lowered by adding cedar oil or raised by adding cinnamon oil. 

It is only necessary then to use a microscopic method which will 
indicate these differences to identify the minerals. There are two 
such methods. | 
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SCHROEDER VAN DER KOLK METHOD 


This method is quite sensitive but requires the proper adjustment 
of a condensing lens, otherwise the reaction may be the reverse of 
that described. It is better to try it out first on known minerals 
and oils. The method consists in comparing the indices of the 
minerals with an imbedding medium in this case clove oil. 

The finger partly shades the reflecting mirror or the polarizing 
case throwing a shadow partly on the field. Near the boundary 
of this shadow the following may take place: 

1. A line of light on the edge of the mineral toward the shadow. 

2. A line of light on the edge of the mineral away from the 
shadow. 

3. The grain is colored blue on the edge away from the shadow 
and red on the edge toward the shadow. | 

In the first case the index of the mineral is higher than the oil. 
In the second case the index of the mineral is lower than that of 
the oil. The third éase, the index of the mineral is equal to that of 


the oil. 
BECKE METHOD 


In this method the grains are sharply focused, the condensing 
lens removed, and the field partly shaded. As the tube of the 


- microscope is elevated (fine adjustment), a line of light appears at 


the edge of the grain and enters the medium with the higher index. 
In the case cited, this line, Becke’s line, enters the albite particles; 
in the case of the orthoclase and microcline particles, the line of 
light goes from the edge of the grain into the oil; i.e., the index of 
the potash spars are less than the oil and the soda spar greater than 
the oil. 

The approximate percentage of the mixture is then recorded by 
taking the average of a series of counts, in no case, however, using 
sections carrying less than 75 grains. Albite may be determined 
directly, if the microscope is provided with a polarizing equipment, 
or it may be determined by difference in the following way. An oil 
whose index equals 1.545 (ordinary ray of quartz) is prepared and 
the percentage of quartz and minerals having ‘higher indices 
(muscovite, garnet, tourmaline) is determined using the Schroeder 
Vander Kolk reaction. The percentage composition of albite is 
determined by difference. 
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Feldspar particles on account of the perfection of two pinacoid 
cleavages appear in rather tabular shapes with a pair of more or 
less parallel edges. These parallel edges are sometimes extended, 
giving the particle an eldngated aspect. The basal cleavage (001) 
‘is the most highly developed and generally forms the base of the 
tabular fragment. The pair of parallel edges mark the trace of the 
other cleavage, the side pinacoid (010). Occasional grains, how- 
ever, are tabular in the direction of the side pinacoid (010) and the 
parallel edges of this fragment are the traces of the base cleavage 
(001). 

The appearance of these minerals in polarized light between 
crossed nicols furnishes an invaluable means of distinguishing them. 
The angle of extinction measured from the trace of these cleavages 
are characteristic of the feldspars and are the principal means of 
identification. In the accompanying table, appear the optical 


TABLE I.—OPTICAL PROPERTIES OF THE FELDSPARS 























EXTINCTION ANGLE : INDICES 
OPTICAL 
CHARACTER 

On 001 On 010 a B ¥ 
Orthoclasem eel aes0, 9 j16% i) 1518 | 1.522 |. 1/524 - 
Microeline.......| 15°30’ 6° 1.518 1.522 1.524 _ 
ibe wpe Ae 02811520. |) 1.833, | 1.5380) + 
Oligoclase....... 2° 4° 1.539 1.548 1.546 — 





characteristics of the three important commercial spars on the two 
principal cleavage faces produced by breaking in the mortar. 
Therefore it is advisable to break the specimens and not to grind 
them. } 

The interference color (birefringence) of the feldspars under the 
microscope between crossed nicols is rather distinctive. Ortho- 
clase and microcline yield pale colors, white or yellow, depending 
upon the thickness of the grain. Albite, however, on the basal 
pinacoid and quartz have a much higher color (birefringence), red 
and blue, which rather easily distinguishes them from the potash 
feldspars. Albite is readily distinguished from quartz by the ab- 
sence of cleavage in the latter, which furnishes grains with irregular 
outline. Attention must be directed at this time, however, to a 
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variety of quartz, known as amethyst. Amethyst is a polysynthet- 
ically twinned quartz, and is sometimes found with pegmatite. 
In breaking down amethyst in a mortar, the mineral separates along 
these composition planes and yields tabular fragments not unlike — 
the feldspars. These two are distinguished by their indices. 

Upon observation in polarized light, it 1s seen that the feldspars 
often show twinning. The twinning is seen as alternate series of 
bands which have homogeneous extinction. Orthoclase does not 
show polysynthetic twinning, occasionally it shows two alternate 
broad bands (Carlsbad); but these are rarely found in commercial 
spar. Microcline is almost invariably twinned polysynthetically. 
On the base (001) twinning gives the appearance of a plaid or lat- 
tice work. ‘These twins have an angle of 30° between positions of 
extinction for the adjacent twinning bands. On the side pinacoid 
of microcline, only one series of twinning bands are present and 
these are nearly at right angles to the trace of the basal cleavage. 
The angle included between the extinction positions of the two sets 
of twins equals 12°—15°. 3 

Albite on the basal cleavage face shows polysynthetic twininng. 
The angle included between the extinction positions of the two sets 
of twins varies from 8° to 0° with variation in calcium content. In 
the large crystals of feldspar occurring in pegmatites, these poly- 
synthetic bands are often quite broad, so that in the preliminary | 
preparation these are severed and the. albite appears under the 
microscope as untwinned, due to the coarseness of the crystalli- 
zation and twinning. In commercial spar, this is quite common. 
The high birefringence of albite on the basal cleavage distinguishes 
it readily from orthoclase and when its extinction equals 0° the 
different indices of refraction serve the same purpose. ‘Twinning 
may be absent in the microcline fragments, sometimes due to the 
coarseness of crystallization. In all these cases, it is best to iden- 
tify the mineral by its indices of refraction and the extinction angles | 
measured on each cleavage face from the trace of the other cleavage. 

Minerals commonly associated with the feldspars are quartz 
muscovite, garnet, tourmaline and beryl. Muscovite is recognized 
by its high index and low interference colors, gray to pale white, 
and a tendency to fray at the edges and turn up, and this furnishes 
higher interference colors, at the edges. Garnet is generally irreg- 
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ular in outline (no cleavage), of a faint pink color, very bigh index 
of refraction (high relief) and does not transmit light between 
crossed nicols. ‘Tourmaline may be green, pink, or dark brown to 
black in color, has high index, and high interference color. The 
darker varieties show a marked absorption of one of the rays. 
Beryl is quite similar to quartz, has a somewhat higher index, lacks 
cleavage, and has the same interference color between crossed 
nicols. It is practically colorless under the microscope. — 

In the regular course of examination of spar the accessory num- 
-erals and the felspars, after a short experience, are recognized on 
sight and their quantitative composition readily determined. 


SHOP NOTES 


BY HERFORD HOPE, NEW BRIGHTON, PA. 


INTRODUCTION 


Although the following notes, somewhat disconnected as they © 
are, may treat of matters which are familiar and even common- 
place to the great majority of potters; yet there is always the 
possibility of a hint being dropped that may prove useful to some 
one. With that point in view are mentioned a few of the methods 
used in the clay shop of which the writer is at present in charge, 
that of the Mayer China Company, of Beaver Falls, Pennsylvania. 


BALANCE SHEET SHOWING MOULDS ON HAND AT ANY TIME 


In any pottery making a variety of shapes and sizes, and par- 
ticularly where facilities for drying moulds are not of the best, 
it is important and even essential to know what moulds are already 
made and ready for use, so that, on the one hand, one may know 
that when a round of moulds is ready to replace it, and also that 
there may be no duplication of orders, a matter not easy to avoid 
without accurate knowledge of the stock on hand. While it is 
not good business policy to tie up money unnecessarily in moulds, 
there can be no doubt that the making of moulds from four to six 
weeks in advance of requirements permits a slow and natural dry- 
ing which undoubtedly improves their wearing qualities. If this 
course is pursued, a considerable and varied stock of moulds is 
unavoidable. 

To keep an accurate account of these is very little trouble if 
care be taken in making the entries. The mouldmaker is pro- 
vided with a list of moulds to be made, this being added to by the 
foreman from time to time. The following facsimiles will show 
how the sheets are used. | 


TABLE I.—NEW MOULDS TO BE MADE 
Article Dozen Wanted 


Plates; 5 ft2 Dhigk: 230 7 cas 5.. Smet ela 40 
Plates, Sifts KR UE ees Sae ee e ae 10 
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At the end of each year, stock is taken of the new moulds out- 
side of the clay shop, and they are entered on sheets ruled for the 
purpose (see Table II), each item in its proper place, with plenty 
of space provided for entering new moulds throughout the year. 
As each item on the order sheet is completed (see Table I) it is 
crossed out and at once entered on the Record Sheet (Table IT) 
as shown. Before a new round of moulds can be brought into 
the clay shop, an order from the foreman to the mouldmaker 
must first be obtained; and on completing the order, the mould- 
maker crosses off the item on the Order Sheet, that particular 
round of moulds having passed out of his hands. By this method 
the exact condition of the mould stock may be ascertained any 
day of the year. | 


TABLE II.—RECORD OF NEW MOLDS ON HAND 




















DATE MADE MADE BY ARTICLE DOZEN 
°8/19/12 (CAG Tea Saucers, Hub 10 
8/19/12 Gals Tea Saucers, Newton 15) 








SYSTEM FOR KEEPING TRACK OF WARE WANTED QUICKLY IN 
BISCUIT 


The following table illustrates the system used. 


TABLE II.—WARE WANTED SPECIALLY FOR BISCUIT KILN NO. 1, TO GO IN 
FEBRUARY 5, 1913 


























LEFT CARRIED OUT , 
FEBRUARY LEFT WARE 
ARTICLE ieee a Paciaihe so etl OPAL: FOUL OR IN 
KILN |. 2| 3] 4] 5 povokilp tae! 
Coffee Cups, Chicago.............. Wrrexiib0r2o| x | 295.1. 4 OF 
Plates eeDe Licks uc. a: Sek cae DOME xX XX DO 25 25 
Digies aah Pe ey. ol So ae HOME xox 10), 20° 49070). Ax 














The quantity of any item wanted is counted in the greenroom 
and entered in the first column to the left. The amount carried 
into the greenroom each day is entered in the next column, and 
when the kiln has been placed, the total number of dozens brought 
into the greenroom up till that time is placed in the column assigned 
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for those figures. The total number of dozens left out of the 
kiln go in the next column, the final and right hand column being 
the difference between the other two, or the ware gone in the kiln. 
For the following kiln, the amount of ware left out of the last one 
forms the left hand column again. The keeping of this record 
materially assists the biscuit warehouseman as he knows just 
how much there is of the items he requires in the kilns yet undrawn. 
It will be obvious, of course, that this system covers only such 
items as are wanted quickly, as it would be quite impractical to 
include even the majority of articles manufactured. 


DESIGNING AND MAKING PROFILES 


In all classes of ware, except, perhaps, the very thickest and 
the most crude, a knowledge of the exact thickness in all parts 
of given pieces is most necessary, it being evident that the thinner 
the ware, the greater the care that must be exercised in this regard. 
It is not the purpose of this note to enter into a discussion of the 
objects in making certain parts of a piece either thicker or thinner, 
but rather to explain the method used in making the profiles or 
templates, particularly as regards getting the feet of flat ware 
the proper height so that, on the one hand, there may be afair 
clearance between the plates, or saucers as the case may be, when 
they are placed in bungs, and, on the other hand, that the feet 
may not be made too high and thus cause loss of space in the kiln. 

A section is made through the center of a mould, and if it has 
a scalloped edge, through the middle of the deepest scallop. A 
T-square and drawing board should be used, the head of the former 
being placed against the left side of the latter, and the lower part 
of the mould section resting on the upper edge of the T-square 
blade. This will ensure parallelism of any outlines drawn from 
the plaster section, provided care is taken that the latter moves 
in an exactly vertical direction. After drawing such an outline 
(as in Fig. I) the profile is sketched at the proper distance to allow 
for the required thickness of the piece, but while the position of 
the foot is indicated, its exact height is at present unknown. If 
the mould section is replaced so as to exactly cover the first out- 
line, the T-square blade moved up to it, and both carefully moved 
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upward until there is secured what would be considered a proper 
clearance between the pieces, and a second outline made, as at 
b in the diagram, it is obvious that the proper height for the foot 
is the space between these two outlines at the point previously 
decided upon. 

In case no T-square or drawing board is available, the follow- 
ing method may be adopted. After making the mould section 
and marking its center (which should be done in either case) out- 
line it on a piece of paper,'and draw a straight line through the 
highest point of the welt on either side (marked c in Fig. IT). 
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Sketch the profile at the required thickness, indicating position 
of the foot as before. Erect perpendiculars at points c,c, and 
also at several points along the line of the profile where the piece 
appears to show the greatest vertical thickness, as at d, e, or f. 
' Space this thickness with a pair of dividers, or otherwise, at the. 
same time adding what would be considered a proper clearance 
between the two pieces, as at g. From points c,c, mark off on 
the perpendiculars cz and cj equal to gh. Again place the plaster 
section on the paper, its outline touching points 2,g, and 7, and 
the height of the foot will be indicated as before. This last method 
of profiling takes slightly longer than the other; but both are 
extremely simple, and if ordinary judgement is used in determin- 
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ing the proper clearance between the pieces, the jigger tool can 
be filed up and any quantity of ware made without any prelim- 
inary trials. | 

After the correct outline has been made on paper, it should 
be cut out and traced on-sheet zinc, the latter material being 
very suitable for the permanent profiles. 
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LOSS IN THICK CUPS AND MUGS 


Loss of ware in the green state furnishes some of the most per- 
plexing problems which a potter has to solve, and this is true in 
the manufacture of vitrified china as much as in any other branch 
of ceramics. No other type of clayshop loss has given the writer 
more trouble than that occuring on the inside of thick, straight 
sided, hollow-ware such as cups and mugs, making its appearance 
as a crack, usually long, almost always vertical, and beginning 
to be evident when the ware is about half dry, before it has begun 
to turn white. By those who are familiar with it, Figure 3 will 
be easily recognized as typical of this kind of crack. 
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Without doubt a number of different factors affect the cracking 
in greater or less degree, some of these being the following: 


1.The Body 

(a) Composition 

(b) Consistency as used 

(c) Faults due to pugging 
2. The Speed of Jigger 
3. Jiggering 

(a) Method of making bat or ball 

(b) Pulling up bat or ball 

(c) Putting in tool and finishing piece 
4. Drying 

7 Conditions of drying 
5. Jigger Tool 
- Thickness of. 


It is most likely that still other factors, such, for instance, as the 
difference between hard and soft moulds, affect the results; but 
as the writer can offer no theory to account for the effect of such, 
‘he will leave the discussion of these points to others. 

The Body. a. Composition. It is generally conceded that 
increasing ball clay in a pottery body will decrease cracking in 
the green state, but in the case of this particular type of crack, 
the writer believes that a shorter body has less tendency to crack 
than one more plastic. The reason for which opinion will appear 
later. 

b. Consistency. Clay of a medium consistency—that which 
is known to potters as goood order clay, a somewhat indefinite 
term it must be admitted—is best; for if too soft, the contraction 
is too great, and if too hard, the tool, in forcing its way through, 
is apt to twist and stress the clay. 

c. Pugging. This is naturally of very great importance, since 
such defects as blisters or hard lumps in the clay will of them- 
selves start cracks. 

The Speed of the Jigger. There can be no doubt that exces- 
sive speed will have a tendency to cause cracking, owing to the 
sudden twisting strain on the clay as the tool touches it. We 
consider 300 to 325 r.p.m. sufficient speed for any of the straight 
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cups to which reference has been made; and for the very thickest, 
a still slower speed should be maintained. A very slow speed 
would tend to drag the clay instead of cutting off cleanly, so 
that it should be kept within proper limits. 

Jiggering. a. Making the Bat or Ball. In the majority of cases, 
it is found that a bat or liner shaped over a wooden “chummer”’ 
gives better results than a ball, probably owing to the fact that 
the shape of the ware to be made is already approximated and 
less work remains to be done by the tool. In either case great 
care should be taken that the clay is cut off cleanly and that no 
air blisters are introduced. 

b. Pulling up the Bat or Ball. The clay should always be 
run up to the top of the mould by hand before the tool is intro- 
duced, this again lessening the work of the jigger tool. Care 
should be taken to accomplish this running up process without 
leaving deep furrows or ridges caused by the fingers, since the 
tops of these ridges might be turned over and air or water enclosed, 
in which case cracking would be likely to result. 

c. Putting in Tool and Finishing Piece. A great deal of the 
final success in making any kind of ware on the jigger is due to the 
care with which it is lubricated with water while under the tool, 
and the water distributed over the surface. The best results 
are obtained only when the tool leaves the piece shining all over, 
but with no free water or slurry on the surface. If too much 
water is used in making cups and similar ware, it is likely to settle 
at the bottom and crack them there, this being quite a different 
crack from that under discussion, but not any more satisfactory 
in the end, except that the cause is so easily discovered and re- 
moved. If the piece is finished too dry, its surface will be rough 
and open, and that condition naturally predisposes it to crack 
in drying. Aside from the question of the proper amount of water 
to be used, the rate at which the tool is pushed into the clay, the 
length of time it is held there, and the manner in which the pres- 
sure is released and the tool removed, all have their influence upon 
the result. | 

Drying. It is quite safe to say that the more slowly any clay 
ware is dried, the less liable it is to crack; but as considerations ~ 
of time and space enter into the day’s work to a large extent, a 
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certain rapidity of drying is absolutely necessary, and under the 
proper conditions, may, no doubt, be had with perfect safety. 
Just exactly what those proper conditions are, the writer does 
not presume to say, but generally speaking they should be those 
which permit the ware to dry equally all over and all through. 
If it could be arranged suitably for small ware, a drying system 
in which the degrees of heat. and humidity are under perfect con- 
trol should give excellent results. 

Jigger Tool. The question of the thickness of the jJigger tool 
was given attention only after all the above factors had been well 
considered and experimented with, but it proved a matter of the 
greatest importance, and a change in the thickness of the tools 
effected a much greater reduction in loss than anything else that 
had been tried. The usual thickness of Jigger tools with us is 33 
inch, some being + inch thick, the cup and bowl tools being 
for the most part without any wood backing. By the use of tool 
35 Inch thick, the loss was reduced very considerably, this being 
true not only in the case of cups and mugs, but also of straight 
sided individual creams which had previously given very serious 
trouble from the vertical cracks already referred to. Tools even 
thinner than the above were tried, but as light as jg inches they 
spring so easily that it is extremely difficult to keep them in the 
center of the piece. It should be mentioned also that. it takes 
slightly longer to make the ware with a very thin tool on account 
of the fact that the clay does not so readily fill in and level up the 
inequalities of the partly made piece. 

It would appear that the effect of the thicker tool is to make 
the ware very dense and compact on the surface; and when the 
interior, being more open and naturally having greater shrinkage, 
begins to contract, the outer and denser portion cannot contract 
with it and must, therefore, give way. The thinner tool cuts 
the clay faster and would not have the same tendency to produce 
great density on the surface, hence a more equal contraction 
results. This theory may or may not be correct, but at least it 
appears reasonable. 

Figure 4. Cracks of another kind, but occurring in the same 
class of ware as the foregoing, are those running horizontally, 
inside as before, and at the lower part of the side where the latter 
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merges into the bottom (see Fig. 4). These are usually visible 
when the ware is removed from the moulds, and at that time may 
often be permanently closed by pressure with the end of the finger. 
Even so, however, the time taken to close the cracks in this way 
is considerable, and the results often uncertain, so that measures 
must be taken to stop them altogether. This is usually accom- 
plished by bevelling the tool to a very sharp angle, say 50 degrees 
to 60 degrees from the perpendicular, just at the turn of the tool 
where the cracks occur, as indicated in Figure 5. The usual 
angle of our tools is about 25 degrees from the perpendicular. 
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SURFACE CRACKS ON PLATE RIMS 


As indicated in Figure 6, this crack occurs about the middle 
of the rim of the plate, varying in length from half an inch to 
almost the entire circumference of the plate, and in depth from 
gz inch to nearly or quite through the thickness of the plate. 
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The writer has not been able to ascertain the exact course of 
these cracks; but as far as his observation goes, they are almost 
always found in ware having a more or less deep center, a rim 
soup plate being the most common and typical example. ‘This 
particular crack is always worse if the piece is perfectly plain, 
no embossed work, and is worse in thin than in thick ware. We 
have found a partial remedy to lie in soft moulds; though if 
moulds of ordinary hardness are kept damp, the loss from cracks 
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of this character will be reduced. If the moulds are oiled before 
using and from time to time when in use, this crack can be over- 
come to a large extent in every case. 


SUPPORTS FOR BATTING-OUT BLOCKS 


The most common form of support for batting-out blocks is a 
small, solidly built, square table, topped with flat stone, upon 
which is cast the plaster block, either round or square as suits the 
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requirements of the presser, dishmaker, or jiggerman’s batter- 
out as the case may be. 

There are two serious objections to this form of support, the 
' first being that it is generally impossible to prevent the adjacent 
bench being jarred when a bat is being made; and the second that 
the feet of the batter-out will come in contact with the legs of 
the support, preventing his standing close to the block, which 
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would make his work easier. So far as general stability and free- 
dom from vibration are concerned, a decided improvement is to 
make the support of solid concrete, the latter resting on an equally 
solid foundation, preferably the ground. A support which entirely 
eliminates both the objections previously referred to, is in the 
form of a pair of large iron brackets which can be bolted to a brick 
wall or something equally substantial. These brackets, which 
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are shown in Figure 7, are of the dimensions given, namely each 
arm 28 inches long by 3% inches wide, and each is bolted to the 
wall by two 3-inch or 2-inch bolts, about 12 or 13 inches apart. 
The top upon which the plaster block rests may be an iron plate 
bolted to the horizontal arms of the bracket or else the usual flat 
stone. In order to entirely eliminate all vibration, it is necessary 
to place several thickness of rubber packing between the brackets 
and the wall before the bolts are drawn tight. With an arrange- 
ment of this kind, even the heaviest blow from the batter upon 
the block will not jar the bench in the slightest degree, provided, 
of course, that the latter does not actually touch the batting-out 
support. In addition it is found that much of the strain on the 
wrists of the batter-out is removed, a fact that is appreciated by 
dishmakers and others who have to make bats of a large size. 


DISCUSSION 


Mr. Ward: I would like to ask Mr. Hope if he experienced 
~ any trouble in getting the clay removed from his chum? 

Mr. Hope: No, we don’t make much ware in that way; but 
when we do, we use a wooden chum with plenty of oil on it, and 
that releases the clay very readily. Of course you can put it on 
with a cloth and then pull the cloth out. 

Mr. Ward: When you use oil, don’t you experience trouble 
in your ware? Don’t it cause cracking? 

Mr. Hope: Oh no, the oil would be taken out by the tool, 
anyhow; it would come out in the scrap, but even if it did not, 
I don’t think there would be any trouble. I have not been able 
to attribute any trouble to that source. 

Mr. Simcoe: I would like to ask Mr. Hope to bring out the 
point why he wanted to eliminate the vibration from the block 
at the jigger bench? | 

Mr. Hope: Well, perhaps it is not quite as important at the 
jigger bench as at the pressers’ benches. It is important at the 
jigger bench, too, because there would be a great deal of the dry 
ware, and vibration would strain a great deal of it; there would 
be considerable loss, I should say. 

Mr. Simcoe: What about the man using the pull down himself? 
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Mr. Hope: I should not think it would affect the jigger itself. 
It should be so firmly bolted down that vibration would not affect 
it in great measure; but it might affect it in some slight way, and 
it would be well to have as little vibration as possible on that 
account, also. 

Mr. Purington: Isn’t the jar often due to the box being over 
a beam? Isn’t the jar often transmitted to the stilliards and ware 
broken in that way? ) 

Mr. Purdy: This vibration idea is very important. Our 
company experienced considerable cracked ware in a certain 
dryer. The ware in that dryer was just the same as it was in all 
the other dryers, and they could find no reason for it until they 
noticed that the floor had a slight quiver due to the machine 
below. When we stopped that machine, we stopped our cracking. 


THE CLARK VISCOSIMETER! 


BY WARREN E. EMLEY, CH.E. 


In the Transactions for 1910 was described an instrument for 
measuring the viscosity of clay slips, which was designed by Mr. 
H. H. Clark. The instrument used for that work was the first 
one of the kind constructed, and, as was to be expected, actual 
use brought to light several mechanical imperfections. To cor- 
rect these as well as the more important defect that the original 
instrument was not strong enough to be used with very thick 
slips, a new viscosimeter has been built, which operates on the 
same principle, but is of different mechanical construction. This 
new instrument is shown by the photograph Figure 1, and the 
detailed design, Figure 2. 

As stated in the article referred to above, the apparatus is de- 
_ signed to measure the torque required to turn a paddle immersed 
in the liquid whose viscosity is to be measured. The method of 
construction is as follows: 


CONSTRUCTION OF IMPLEMENT 


The square tub, 28, is designed to hold the liquid, and is mounted 
on the movable head, 22, being held in place by the lugs, 20. The 
head is prevented from turning by the guide, 21, and is held at the 
required height by the lock nuts, 23. Inside of the tub is mounted 
the hollow cylindrical paddle, 16, carried by the shaft, 18. This 
rests upon the jewel, 19, and the side thrust is taken up by the 
steel knife edge, 17, so that the paddle is free to rotate with very 
little friction. To the upper part of the paddle is attached the 
brass cylinder, 15, to which the torque is applied. An electro- 
magnet is rotated in such a manner that the cylinder is included 
between its poles. Rotation of the magnet therefore causes the 
cylinder to cut the magnetic field, which generates an electro-motive 
force in the cylinder. The resultant of these two forces is a torque 
tending to turn the cylinder (and therefore the paddle) in the 


1 By permission of the Director of the National Bureau of Standards. 


THE CLARK 


VISCOSIMETER 

















403 


THE CLARK VISCOSIMETER 





SNOLLIINNOD TV H24LDF7IF 
ONY SI/VLID 


ASFILIW/SOISIA M7079 
































AAIW POG AED ly SUPA 


404 THE CLARK VISCOSIMETER 


direction of this magnet. By this means, the paddle is rotated 
without mechanical connection, and friction from this source is 
eliminated. The outer pole face of the magnet is shown at 12; 
the inner at 14. The magnet is mounted on the lower end of the 
shaft of the motor 10, by means of which it is rotated. 

It is evident that the torque applied will depend upon three 
factors: 1. The area of the cylinder exposed to the magnetic 
action. 2. The relative speeds of the magnet and cylinder. 3. 
The intensity of the magnetic field. | 

The first factor is controlled by the position of the lock nuts, 
23. In all experiments which have been carried out, these nuts 
have been kept in the same position, so that for present purposes, 
this factor may be considered constant. 3 

The strength of the field of an electro-magnet, being dependent 
upon the strength of the exciting current can be accurately con- 
trolled and measured. It was therefore determined to make this 
factor the variable. Consequently some means had to be devised 
for maintaining a constant ratio between the speed of the magnet 
and the speed of the paddle. 

The = H.P. motor, 10, is connected to a 220 volt D. C. circuit 
through the main line switch, 27. In series with it is a 2500 ohm 
slide wire rheostat, 26, by means of which the speed. is maintained 
constant at 1600.r.p.m. The speed is indicated by means of the 
make-and-break piece, 9, and the frequency meter, 25. This 
make-and-break piece is a pulley whose circumference is divided 
into 6 parts, which are alternately brass and fibre. The current, 
which passes from the main line switch, 27, through the brush to 
the make-and-break piece, through the frame of the instrument, 
and out at the binding post, 24, is made and broken six times per 
revolution of the motor. These “alternations” are indicated by 
the frequency meter, 25, in series with the above circuit. 

The speed of the paddle is indicated by an optical device, as 
follows: The outer circumference of the cylinder, 15, is divided 
into 100 strips parallel to the axis, which are painted alternately 
black or white. In the outer pole face of the magnet, 12, is cut 
a slot having the dimensions of one of these strips. If the magnet 
rotates 50 times as fast as the paddle, then, whenever the slot 
passes the eye of the observer, it will reveal a white strip on the 
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cylinder, with the result that the white strips appear to stand 
still. If the cylinder is going to fast or too slowly the strips will 


appear to move in the same direction as the magnet, or in the 


opposite direction. The speed of the paddle is regulated by vary- 
ing the current which excites the magnet. If the speed of the 
magnet is adjusted to 1600 r.p.m., by means of the rheostat, 26, 
and the speed of the paddle is such that the white strips appear 
to stand still (the speed of the paddle will then be +5 of 1600 or 
32 r.p.m., then the torque applied will depend upon only one 
variable —the strength of the magnetic field. 

The current used to excite the magnet is taken from the 8-cell 
storage battery, 1, by means of the eight-way switch, 2, any number 
_ of cells may be used. This arrangement, together with the slide 
wire rheostats, 3 (220 ohms), 4 (8 ohms), and 5 (4 ohm), gives 
very accurate regulation of the current. The two way switch, 8, 
_ permits reversal of the current through the magnet, so that any 
errors due to residual magnetism or hysteresis may be eliminated. 
The current is introduced through the collector rings, 1I, into the 
magnet coils. 13. It is measured by means of the shunt 6 and the 
millivoltmeter 7. These are so designed that by use of different 
binding posts on the shunt, the full scale reading of the millivolt- 
meter will indicate, 7%, 4, or 74 amperes. 


VISCOSITY 


The coefficient of viscosity of a substance is closely, analagous — 


to the coefficient of internal friction. Viscosity is stated in one 
of two ways: either as absolute viscosity, which may be defined 
as the force required to move 1 sq. cm. of the material over another 
square centimeter in one second, and is expressed in units of dynes 
per square centimeter; or as specific viscosity, which is the ratio 
between the viscosity of the substance and that of some standard. 
When results are stated as specific viscosity, a full knowledge of 
the apparatus and of all experimental! conditions is necessary for 
their correct interpretation. The absolute viscosity is therefore 
to be preferred whenever the measurements are carried out in a 
way which will permit of its use. 
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CALIBRATION 


Unfortunately, the mechanical design of this instrument offers 
serious mathematical difficulties when attempting to transform 
the results obtained with it into units of absolute viscosity. This 
is chiefly due to the square tub, with the resultant eddy currents 
in the corners. However, it is believed that the following method 
of calibration gives results which are sufficiently accurate for the 
present purpose. 

The instrument was set up with the tub empty. To the cir- 
cumference of the cylinder 15 was fastened a thread, the other 
end of which was attached to the pointer of a balance. The 
magnet was rotated at 1568 r.p.m. (1600-32, because the cylinder 
was not permitted to move, and the rate of cutting the lines of 
force must be maintained constant). The strength of the exciting 


current was varied, and the torque developed was measured by . 


placing weights on the balance pan. The results are shown by the 
curve, Figure 3. 

To find an approximate relation between the exciting current 
and the viscosity, the following calculation was used: Let w 
. equal the weight in grams on the balance pan, which counter- 
balances the torque developed by a given current. The force 
exerted by gravity on this weight will be 981 w dynes. This force 
times its lever arm (the length of the arm of the balance is 11.35 
cms.) is equal to the moment about the knife edge of the balance, 


equals 11134.35 w. The moment exerted by the exciting current 


is equal to 7' (the torque) divided by 3.80 (the outer radius of the 
cylinder) multiplied by 9.56 (the distance from the knife edge to 
the thread, measured along the pointer) equals 2.52 T. Since 
the system is in equilibrium, these two moments must be equal, 
or 11134.35 w equals 2.52 7’; whence JT equals 4425.79 w, T being 
the total torque exerted to turn the paddle by the given exciting 
current. 

If we consider the case of a flowing stream, we find that a plane 
near the surface will move faster than a parallel plane nearer the 
bottom. The difference in velocity between the planes divided 
by the perpendicular distance between them, may be called the 
velocity gradient through the liquid. Then, by definition, the 
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viscous resistance of the liquid is equal to the velocity gradient 
multiplied by the coefficient of viscosity. | 

In order to apply this principle to the problem at hand it becomes 
necessary to make several assumptions, which are not strictly 
vigorous or at least not capable of present proof, but which are 
thought sufficiently accurate to permit of their use: First, assume 
that wherever the liquid is in contact witb the tub, it is at rest, 
and that there is a uniform gradation of velocity (no eddy currents) 
between the stationary box and the moving paddle. Second, 
assume that the torque exerted will be uniformly distributed over 
planes of the liquid parallel to the surface of the paddle. 

From the first assumption it is evidently possible to consider 
the tub as being replaced by a cylinder of such a radius that the 
velocity gradient between the paddle and cylinder is equal to the 
mean velocity gradient between the paddle and tub. If x equals 
half the least diameter of the tub, then the radius of such a cylinder 


would be r equals { ; x seca da, divided by ae equals 1.12 x. 


a=0 
Since x equals 3.97 cms., r equals 4.45 cms. 

From the second assumption, the total torque may be considered 
as divided into three parts proportional to the areas of the out- 
side, inside and bottom surfaces of the paddle respectively. Call 
these three parts a, b, and c. The torque a, divided by its lever 
arm 2.22 (the outside radius of the paddle) gives the total force 
exerted on the outer surface. This force, divided by the area of 
surface, 2 X aw X 2.22 < 4.10 (4.10 cms. being the depth the 
paddle is immersed in the liquid) gives the intensity of the 





force, and is equal to Ate dynes per square centimeter. Simi- 
126.90 

larly, the intensity of the force on the inner surface is 113.55" 

and on the bottom, 555 per square centimeter. 


If the paddle rotates 32 revolutions per minute, then the linear 
32 X 2X m X 2.22 
60 
7.44 ems. per second. By the first assumption, the velocity of 


velocity of a particle on its outer surface is equals 
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a particle in contact with the tub is zero. The velocity gradient 
through that part of the liquid between the outer surface of the 
‘ 7.44 
4.45 — 2.22 
equals 3.84. Similarly, the velocity gradient between the inner 
surface of the paddle and the sleeve protecting the .bearings is 
4.57; that between the bottom of the paddle and the bottom of 
the tub is 20.10. 

Since the system is in equilibrium, that is, the speed of the 
paddle is neither increasing nor decreasing the force exerted must 
be equal to the viscous resistance of the liquid (plus the mechan- 
ical friction, which is neglected). If 7 is the coefficient of yis- 


paddle and hypothetical cylinder replacing the tub, is 





ax a ) b 
cosity, then by definition, 126.90 equals 3.34 n, 11355 equals 
4.57 Ny es equals 20.10n. Buta plus b plus ¢ equals the total 


torque exerted to turn the paddle, equals 4425.79 w. Solution of 
these four equations gives the relation n equals 4.37 w. The 
weights used in the experimental curve 3, were therefore multi- 
plied by the constant, 4.37, and the results plotted as dynes per 
square centimeter, in curve 4. By means of this curve the read- 
ings obtained from the instrument can be transformed directly 
into dynes per square centimeter—the absolute units of viscosity. 
It was desired to check this curve by actual experiment, but a 
study of the literature seems to show that very viscous liquids 
either have not been investigated or the results have not been 
reported in absolute units. The liquid finally selected was glyc- 
erine, which has a high viscosity at low temperatures. The 
figures given in the Smithsonian Physical Tables have been plotted 
against the observed readings of the instrument in the lower curve, 
Figure 4. The two curves seem to agree closely when it is con- 
sidered that the instrument is not provided with a constant tem- 
perature bath, and that the readings with glycerine appoach the 
lower limits of accuracy of the instrument This would seem to 
indicate that the assumptions made are sufficiently near the truth 
to answer the purpose for which the instrument was designed 
The instrument does not appear to be accurate below 0.25 
amperes, probably because the difficulties of controlling and meas- 
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uring the current become pronounced, and the friction can no 
longer be neglected. This limit could be extended by changing 
the position of the lock nuts, 23, so that less area of the cylinder 
15 is exposed to the magnetic field, and consequently more current 
would be required to produce the same torque. This would 
require recalibration of the instrument, which might be advisable, 
because the viscosity of water is about 0.01 dynes per square centi- 
meter, which cannot be measured with the nuts in their present 
position. Owing to a slight inaccuracy in the shunt, it becomes 
necessary to correct any reading greater than 1.5 amperes. How- 
ever, this limit is sufficiently high to include lime pastes thick 
enough for practical use. 


EXPERIMENTS 


The results of measurements of the viscosities of lime pastes 
are shown by the curves in Figure 5. 


MAT GLAZES 


BY FORREST K. PENCE, OHIO STATE UNIVERSITY 
INTRODUCTION 


It is the purpose of this paper to give further evidence in support 
of the theory advanced by the author in the paper on ‘Theory 
of Cause of Matteness in Glazes,” Vol. XIV, 7. A. C. S. This 
evidence constitutes chiefly the result of a study of the stages of 
development through which a mat glaze passes in the process of 
its firing treatment. 

Microscopic examinations were made by Dr. W. J. McCaughey, 
of the Ohio State University, whose services are hereby grate- 
fully acknowledged. The data given in describing the observa- 
tions made with the microscope are recorded from the dictation 
of Dr. McCaughey; but the author-is solely responsible for all 
deductions and conclusions drawn from these and other observa- 
tions described in this paper. 


THE CALCIUM-ALUMINA TYPE 


A microscopic examination was made of the mat glaze which 
was developed from frit Z described in Vol. XIV, p. 683. The 
surface has an equi-granular appearance, i.e., like microscopic 
grains of sugar The glaze itself is permeated with an aggregate 
growth of very tiny needle-shaped crystals The intergrowth 
is so great that it would appear to produce the granular texture. 
The crystals are so small as to be visible only under a lens giving 
a magnification of approximately 400 diameters. Because of 
their small size, it is difficult to describe the crystal form or esti- 
mate the percentage of the mass which is constituted by the 
crystalline matter They are, however, scattered homogene- 
ously throughout the glassy matrix 

A raw glaze of the same formula as frit Z, viz: 


0.50 PbO | 
Orije KO, 0235) AO,’ . 11.6" SiO; 
0.35 CaO | 


was applied rather heavily on a 3 inch by 3 inch bisque tile and 
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fired to cone 02. The firing, or rather the cooling treatment, 
was somewhat abnormal as is shown by the result, viz., the tiles 
show a mat border starting from the edges where the glaze is 
thinnest and extending inward about 4 inch. ‘The interior of the 
tile is a transparent glass, similar to a bright glaze, with very 
small dull spots distributed over it. These spots have the appear- 
ance of crystal growths, as noted by slight branches protruding 
fromthem. A tile of this description was re-fired to cone 02 under 
normal firing treatment, and came from the kiln with its entire 
glazed surface possessing the mat texture. 

In the first case, the crystal growth started at the edge where 
the influence of the foreign matter represented by the body was 
relatively greatest. This is in accordance with crystalline glaze 
phenomena. In the second fire, opportunity was given for crys- 
tallization to complete itself, and we have the fully developed 
mat texture. 

That this matness represents the development of a crystalline 
structure is confirmed by the microscopic study of the glaze. 
The mat portions are permeated with very tiny needlelike crys- 
tals as in the case of the glaze from frit Z. 

Glaze A. ‘Tiles, upon which had been applied a raw glaze of 
the above formula, were placed in a commercial kiln, and provision 
was made for drawing them when desired. 

One tile (Al) was drawn five hours before the kiln was finished, 
one tile (A2) when the finishing condition at cone 02 was reached, 
and one (A8) was left in the kiln to cool at normal rate. The 
total time of firing was about thirty-six hours. 

Al shows a glossy or bright, smooth surface. The glaze is 
permeated with small bubbles. Undissolved matter is low in 
amount. : 

A2 similar to Al. Very little undissolved matter, practically 
none as regards its possible effect upon matness. Bubbles are 
less in evidence. Surface is smooth and bright. 

A3. This tile shows the characteristic mat texture of the 
calcium-alumina type mat. A microscopic examination of the 
surface shows it to be equi-granular as in case of glaze from frit Z. 
The texture here appears, however, to be finer than in the former 
glaze. The glaze is permeated with very tiny rod-like crystals 
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of about zyoo Mm. by zo’o7 Mm. in size. It is difficult to estimate 
the percentage but it is relatively high. 

The crystals appear to be of the same type as in glaze from 
frit Z, but are not so densely intergrown as in the case of the 
fritted glaze. There is considerable undissolved matter present, 
but the proportion of crystals predominates over that of the 
undissolved matter. 

It is difficult to estimate the proportions in terms of percentage 
of the mass because of the very fine condition of the undissolved 
matter and the very small size of the crystals. 

Glaze B. A glaze of formula: 


0) 5a, PbO: 
Oels GO. 0/35, ALO, {1.6 Sid, 
0.30 CaO | 


was applied to tiles which were drawn from the kiln as in A, one 
being left to cool with the kiln. The glaze shows the same phenom- 
ena as in A, and the microscopic examination shows the same 
' character of surface and crystal growth. 

Glaze C. This glaze has formula: 


0.55: PbO } 
OnloetoOot 0-4, ALO, $771.6" SiO, 
0.30 CaO | 


This glaze with the same treatment and examination as in case of 
A and B shows the same results, except that in this glaze the 
proportion of undissolved matter is relatively higher than in A or 
B, which would be explained by the presence of higher alumina. 
The glaze from frit Z and the other glazes thus far described 
all show the same texture of surface and the predominating in- 
fluence of tiny crystals distributed uniformly throughout the 
glassy matrix. The evidence, therefore, points decidedly to 
crystallization as a direct or indirect cause of matness in the 
calcium-alumina type of mat glaze. I may state in this connec- 
tion that a number of other glazes of this type were examined and 
all showed this same crystalline development and phenomena. 
Thus we are led to the same conclusions as were drawn from the 
observation of the working properties of such glazes and which 
were set forth in the original statement of theory in Vol. XIV. 
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THE ZINC CRYSTAL TYPE 


This glaze is not of the type described in the various articles on 
crystalline glazes which appear in the Transactions of the American 
Ceramic Society. We have an example of the zinc crystal mat 
in the formula of the following raw glaze. 


Glaze D. 
0.15 KOuy 
0.35 ZnO j 0725) "ALLOW 1e75 Pe Si@s 
0.50 PbO 


This glaze would be bright in the ordinary firing treatment of a 
small kiln. My statement concerning the difficulty of obtaining 
certain results in the laboratory kiln will be confirmed by any who 
have had commercial experience with mats of the above type. 
In the light of the literature on crystal glazes one would not expect 
a glaze of such high Al,O3 and medium ZnO content to crystallize. 

The treatment here is the same as in the preceding examples. 

D1 was drawn from the kiln five hours before the finishing 
heat. This shows a transparent glass beneath which the body is 
plainly visible. There are some patches of undissolved matter 
evident, also some rather large bubbles in some portions of the 
glaze. 

D2 is similar to D1, except that undissolved patches and bubbles 
have practically disappeared. 

D3, cooled with the kiln, gave a mai texture. The texture is 
much coarser than that of the calcium-alumina glazes and feels 
slightly coarse or rough to the touch. The glaze is shown to be 
permeated with an interlacing growth of relatively large, rod- 
like, crystals uniformly distributed throughout the glass. The 
texture of the glaze is undoubtedly determined by the develop- 
ment of these crystals and is characteristic of the development 
of mat texture in glazes of the zinc crystal type. Other glazes 
of this type were examined and confirm the observations on 
glaze D. 

THE BARIUM MAT 


The barium mat has been considered as belonging to the type 
known as mats of immaturity. This is particularly indicated by 
Professor Orton’s study of such glazes in Volume X, T. A. C. S. 
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Glaze E. 
Oe On| 
0.05 ZnO 
0.15 PbO 0.25 AlO; { 1.88 SiOz 
0.30 CaO 
0.35 BaO 


El and E2 appear very similar, so minute examination was given 
to E2, which was drawn at the finishing heat of the kiln. The 
surface appears bright and glassy. Under the microscope, it 
shows irregularities relatively large. The fracture is glassy. The 
mass is transparent to a very considerable degree, as evidenced 
by the illumination of the small bubbles present in lower portions 
of the glaze. The glaze is permeated with bubbles and the sur- 
face is more or less broken by them. There is considerable 
undissolved matter present, but a striking feature is a rather 
prominent glassy layer at the surface that is practically free 
from undissolved matter. 

E3 was cooled normally and shows a smooth mat surface. 
Under the microscope the surface is seen to be characterized by 
irregularities that are described as being very fine and which give 
a very even texture. The glaze has become stoney in fracture 
and comparatively opaque, as the bubbles below the surface do 
not show illumination. The bubbles are much less in evidence than 
in E2 and are unimportant. There are two types of crystals 
present. A small bladed or plate-like crystal which is, however, 
very subordinate in proportion to the other type. The mass is 
permeated by very small needle-like crystals. The proportion of 
crystalline matter present is estimated at from 15 percent to 25 
percent of the mass. Undissolved matter is present but is less 
in proportion than the crystals. The non-glassy portion is pre- 
dominantly crystalline. 

Another glaze of this.type was given similar treatment and 
examination. 
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Glaze F. 
0:10 2 epOe 
O15 eeksO 
0.10 ZnO 0.283 AlOs; { 1.90 SiO, 
0.385 CaO 
0.30 BaO 


F1 and F2 appear the same as El and E2. 

The same prominence of bubbles and the glassy layer at the - 
surface is in evidence here as in the case of Glaze E. 

F3 shows the very finely irregular surface described in the case 
of E38. The glaze is permeated by the blade-like crystals and the 
fine needle crystals, but in this glaze the blade-like crystals pre- 
dominate. The crystals appear somewhat larger and more pro- 
fuse than in E38. The distribution throughout the mass is very 
uniform. ; 

It is seen, therefore, that in glazes of this type, the observations 
indicate that crystallization is the basis of mat development. 
Thus the theory of crystallization as a cause of matness is shown 
to have an even wider application than was at first anticipated. 


CONCLUSION 


The evidence is certainly very strong that in glazes of the three 
general types which are typical in composition and normal in 
treatment, a causal relation exists between crystallization and 
the development of mat texture. That this crystallization occurs 
after the manner set forth in my first paper is shown by the com- 
parison of the glaze drawn from the kiln at finishing condition and 
cooled rapidly with the one remaining in the kiln and cooled 
slowly. In the case of both the calcium-alumina mat and the 
barium mat the crystals are very tiny, and although the propor- 
tion of crystalline matter in the mass may not be more than 20 
percent, the amount of crystalline surface area effective in causing 
light diffusion is relatively large because of the smallness of the 
crystal. 

It is noted that the surface of these glazes containing the very 
small crystals are characterized by very fine or small and even 
irregularities, while in case of the coarse crystallization of the zine 
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mat the texture is correspondingly coarse. In all cases the crys- 
tals are distributed uniformily, asserting their influence at the 
surface as well as throughout the mass. A number of other glazes 
belonging to these types were given cursory examination and con- 
firmed the findings of this paper. These results are not surprising, 
since we know that the strong tendency in similar magmas is for 
crystallization to take place. 

I may say, however, that in the case of glazes containing con- 
siderable coloring agent in the form of undissolved stain, etc., 
these may obscure the small crystals and make their observation 
much more difficult. 

The author recognizes that certain specialized types of mat may 
be produced by entirely different phenomena, as by vesicular 
structure, etc. Also that mat surfaces are obtained by the use of 
coatings that never reach a glassy state and are plainly in a stage 
of immaturity. These latter will not in firing heal defects present 
in the unfired coating, and the texture will not have the smooth- 
ness of the true mat. Sometimes this roughness in texture is 
desired for certain artistic applications. I do not think, however, 
that such coatings should be classified with glazes proper. 

The evidence of this paper indicates very strongly that in true 
mat glazes, i.e., those that flow and heal readily giving a smooth, 
even coating of smooth texture, the glaze behaves in every way 
analogous to a bright glaze; except that not all of the components 
may enter into solution and that on cooling segregation of crys- 
tals from the glassy matrix takes place. 

In conclusion we would say that the practical application of 
this theory serves to guide the ceramic chemist in the right direc- 
tion in the researches of mat glaze development. Mat glazes 
group themselves into types. For a given heat treatment, the 
limits in composition giving best results are not only rather narrow 
but are characteristic of the type of glaze used. The proper con- 
ception is not the overloading of the glaze with clay or whiting 
or barium carbonate in accordance with the idea of preventing 
solution. The best results are obtained in a given type of glaze 
when the proper proportions are present to facilitate most effec- 
tively the process of solution and subsequent crystallization. 


PROPERTIES OF PORTLAND CEMENT AS AFFECTED 
BY DIFFERENT BURNING TEMPERATURES 


BY P. H. BATES, BUREAU OF STANDARDS, PITTSBURGH, PA. 


Purpose of the Investigation. In some previous investigations! 
of the constitution of Portland cement, which were made at 
the Pittsburgh branch of the Bureau of Standards, it was noticed 
that when the percentage of lime present in the raw mix was 
increased, the amount of tricalcium silicate and tricalcium alumi- 
nate also increased, accompanied by a decrease in the amount of 
orthosilicate of lime and the disappearance of the 5Ca0.3Al.03 
compound. As however to satisfactorily burn the higher limed 
material, a higher temperature was needed, it was thought a series 
of experiments would be of interest in which a group of raw mixes 
of different lime, or silica, or alumina, content would be burned 
at different temperatures. The resulting clinker would then be 
examined for changes in constitution; and also after grinding and 
plastering, the time of set, soundness and specific gravity and 
ordinary small physical specimens would be made, thus attempting 
to secure some relation between the constitution, the composition, 
the burning temperature and the physical properties of the burned 
cement. : 

Method of Conducting Investigation. It was not attempted to 
make the burnings in the experimental rotary kiln of this bureau, 
since it was not deemed necessary to make burnings of large 
amount of material. By making use of a furnace in possession of 
Clay Products Section of the bureau? it was possible to make all 
the burnings at any one temperature at one time, until it was 
desired to exceed 1400°, when a specially constructed furnace was 
used, of the same general character but smaller in size. In these 
furnaces the flame did not directly strike the material but the 
later was protected by some magnesite brick. This was of course 


1 “The Constitution of Portland Cement.’’ Paper read before'the Ninth 
Annual Meeting, National Association of Cement Users, December 1912, by 
P. H. Bates. Published in Concrete and Cement Age, January, 1913. 

2 Transactions of American Ceramic Society, Vol. XII, p. 341. 
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not simulating rotary kiln practice, where the flame strikes the 
raw material, but it was necessary in order that the material 
should reach and maintain a uniform temperature. 

The temperatures at which the material was burned were 1100°, 
' 1200°, 1300°, 1850°, 1400°, 1450° and 1500°. The temperature was 
determined by a thermocouple. The raw material was mixed with 
water to the consistency of a stiff mud and molded into bars 
about 1 in. by 1 in. by 4in. After drying these were built up in 
the furnace in a “‘checker board”’ fashion, exposing a great amount 
of surface to the hot gases. The rate of heating was such that 
1450° was reached in two and one-half hours, this temperature was 
held one-half hour longer when the gas was shut off and air blown 
into the furnace. The burns at lower temperatures were made in 
a slightly shorter time; that at 1500° required an hour longer. 

At each temperature three different raw mixes were burned, the 
raw material having been proportioned so as to give approximately 
in each case: 











| 

Cy Nees “BRB” ! ’ cee? 

. | - —_—————_ 

IO pate hae oa) Si. 22 9 19.8 | 23 .1 
JM Ue 5 Ck 7.6 7.6 6.0 
LINEAGE RO Se ee eee 2.7 Peet © 1.5 
COS Miter ee ters ire 65 .2 68.3 68.2 
INE ORO er OMe Ct er Bek est fs 1.6 4 Ae 6 12 
100.0 100 .0 100 .0 











The relation between these. mixes is evident. Thus in A and 
B there is the same iron oxide-alumina content, while the silica 
varies at the expense of the lime; in A and C there is about the 
same silica content, while the iron oxide-alumina content is varied 
at the expense of the lime and in B and C there is the same lime 
content, while the silica is varied at the expense of the iron oxide- 
alumina content. 

In making these mixes the raw material for A was limestone 
and clay, to which a small amount of ground flint was added, as 
its alumina content was a littler higher than desired. Also some 
iron oxide was added in order to secure a relation between it an 
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the alumina content approaching a little more closely commercial 
mixes. In mix B the lower silica and higher iron oxide-alumina 
content was secured by replacing some of the clay with North 
Carolina kaolin and iron oxide. In mix C the lower iron oxide- 
alumina and higher lime content was attained by replacing some 
of the clay with soda spar and increasing the limestone content. 

Some objection may be raised against the use of different raw 
materials in making different clinkers which are to be compared 
with one another. However, at present the evidence seems to 
point rather strongly to the fact that at least the same resulting 
physical properties from the ground clinker can be secured what- 
ever the raw material used. The cement rock-limestone mix of the 
Lehigh district, the marl-clay mix of the Northern Central district, 
the limestone-clay mix of the Middle West district, and the slag- 
limestone mix of the Steel Corporation plants, all give cements 
approaching very closely to one another in physical properties. It 
is evident therefore that if there is a difference in the constitution 
of the clinker from these various raw mixes, it is not sufficient to 
change materially the physical properties. 

Chemical Analyses (Insoluble). The chemical analyses of the 
clinker “‘A,” “B” and “C,” obtained from the corresponding mixes 
when burned at 1350° are: 




















Ga) Ne OH Ba CEN Qik 

SIO) ieee dint ean ae eee 23.51 | 19 .84 23 .54 
AO cis 1S oe eee 7.58 7.36 6 .00 
BWesOs tte. Oe t eeee 2.94 3.16 1.83 
CO Bia hit Se de se iN evans 64.56 67 .81 67 .59 
MOC Re Pediat eee 1.60 1.76 det Ba 
100.19 99 .93 100.12 





The analyses of the clinker burned at the other temperatures 
were not made. The raw material for all burns was mixed at the 
same time and consequently the clinker would analyse the same 
except possibly for the lower temperatures when quite likely the 
alkali was not as completely driven off as at the higher tempera- 
tures. 
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The amount of insoluble material (insoluble in 1.035 HCl) is a 
matter which seems to concern many. - However, Cobb’ has pointed 
out that mixes of silica, alumina and lime, when burned at 1250°, 
give no insoluble material. This temperature would in the great 
majority of cases give underburned clinker, so that the absence of 
“insoluble”? would not necessarily show proper burning. In the 
present investigation the ‘insoluble’ at 1100° and 1200° was deter- 
mined and found as follows: 














GO Ns (CR? oF Od 
; degree | percent percent percent 
1100 | 0.45 6.90 6.98 
1200 | 0.26 | 0:13 0.10 





As at 1200° the amount had been reduced to a negligible quan- 
tity, which indeed was largely introduced by the grinding of the 
burned material in porcelain jars with pebbles; it was not deter- 
mined in the higher burned material. While the raw material was 
ground to a fineness of 85 percent through a 200 mesh sieve, which — 
is almost 15 percent higher than that used in commercial practice, 
it does appear that a little too much emphasis is placed upon the 
percentage of “insoluble” as a criterion of the degree of burning. 

Petrographic Analyses. In making the petrographic analyses 
the data and methods of the Geophysical Laboratory* have been 
used. These results are given in Table I. From this table the 
changes which have been brought about by the increase in tem- 
perature are clearly shown. It also shows that it would have been 
desirable to have made burns at 1150° and 1250°, since the changes 
between 1100° and 1200°, and 1200° and 1300°, were pronounced, 
the amount of @ orthosilicate increasing from very small quantities 
to that of the most important constituent. As the examination 
was of the hard clinker, no mention is made of the ‘‘dust”’—~+y ortho- 


: “The Syntheses of Complex Silicates,’’ Colb, Journal of the Society of 
Chemical Industry, Vol. XXIX, 69-74, 250-59, 335-36, 399-404, 608-14, 799- 
802. 

4 ‘(Preliminary Report on the Ternary System CaQ-Al.0;-Fe.03. A 
Study of the Constitution of Portland Cement Clinker, Shepherd-Rankin, 
Journal of Industrial and Engineering Chemistry, Vol. 3, No. 4. 
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silicate—which was present after the burning at some of the lower 
temperatures. Mix “A” dusted after burning at 1100°, but “‘B” 
and ‘‘C” did not; evidently because there had been little of the 
orthosilicate formed. After burning at 1200°, all dusted on the 
exterior; beyond this temperature dusting was absent. This 
phenomenon is noted in starting rotary kiln; at first the raw 
material forms round nodules of very slightly sintered material, 
These do not dust. With increasing temperature the color of 
these nodules deepens, and shrinkage is apparent; these then dust. 
With still further increase of temperature the dusting formation 
of the y orthosilicate from the inversion of the 6 disappears. It 
would appear that the prevention of the dusting or inversion at 
the higher temperatures, was caused by the entering into the 
orthosilicate of some impurity as iron oxide. It is noticed in the 
table that below 1300° the 8 orthosilicate is colored by the iron 
but‘slightly, but it has dusted. Attention is called to the paper of 
the Geophysical Laboratory cited above, in regard to the effect 
of alumina and magnesia on the formation of 3CaO.SiQOs. 

The a 2CaO.SiO2 was noted in but mix “C” burned at 1500°. 

The 6’ 2CaO.SiO, was not noted in any case. 

The amount of 3CaO.SiO, increases regularly with increase of 
temperature in the case of mix “A” up to 1450°; and in the other 
cases up to an including the highest temperature reached. 

In the burns made at 1100° and 1200°, there is no 3CaO.Al.03 
present, the only aluminate being the 5Ca0.3Al,03. Beyond 
1200° the 5CaO.3Al,03 disappears in mixes “A” and “B” but 
persists in ‘‘C”’ until 1350° has been passed. 

The free CaO decreases with increase in temperature, rapidly 
in mix “A,” less rapidly in “C”’ but very slowly in “‘B.” In con- 
sidering this constituent the composition of the mixes must be 
remembered—mix “B”’ contained more CaO than “‘A”’ and less 
SiO. than “C;” in fact in order that all the CaO would be combined 
it would require almost all the SiO, to be combined as the 3Ca0O. 
Si0.. Bane 

A discussion of the effect of the different temperatures upon the 
iron oxide is difficult in view of the lack of fundamental data in 
regard to the compounds of these oxides. At 1100° it was impos- 
sible to definitely isolate any compounds not originally present in 
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the raw material. At 1200° a compound referred to as ‘Ferrite’ 
was noticed; this is a dark red material of unknown composition 
and refractive index above 1.74; this at higher temperatures seem 
to disappear, forming a slag or glass. The coloring of the ortho- 
silicate is noticed generally above 1100°. Magnetite is also noticed 
in several instances. 

Appearance of Clinker. ‘The changes in appearance, such as 
color, shrinkage, vitrification, etc., require some comment and are 
shown in Table II. The changes are clearly shown which take 
place with increase of temperature, and apparently in mix “A,” 
normal clinker had been produced at 1300°. The physical tests 
seem to bear this statement out. With mix ‘B” normal clinker 
was produced at 1350°; but the physical tests show that even at 
1450°, a satisfactory cement could not be produced; and this 
notwithstanding the fact that the clinker even at 1400° would be 
classed as distinctly overburned. With mix “C”’ normal clinker 
was produced at 1400°, and such was proved by the physical 
tests. 

Specific Gravity. The specific gravity of the clinker ground 
(to a fineness shown in Table III) but not plastered is shown in 
Table III. This was determined by means of a pycnometer. 

The results obtained may seem strange 10 some, yet their 
general character has been referred to by a number of investiga- 
tors, including just lately Arlt;> and West® who gives a rather 
interesting paper on this subject. He concludes his paper as 
follows: ‘‘In conclusion, the words of Zwick (1879) may be well 
repeated. ‘It therefore follows that the specific gravity is a doubt- 
ful criterion of the value of cement.’”’ While it may not be agreed — 
with West and Zwick in their statement, yet: it is noticeable that 
the gravity in some of the decidely underburned material is higher 
than that usually adopted as requisite for cement, namely: 3.10. 
This is the fact which caused West and Zwick to make their state- 
ment and is supported by the former with many results and 
references. : 


> Handbuch Der Mineralchemie, Bd. 1. 6, 832, Doelter and others; Refer- 
ence by Arlt to Meyers paper in Tonindustrie Zeitung, 28, 33. 

6 “The Specific Gravity of Portland Cement,’’ West, Concrete and Con- 
structional Engineering, January, 1913, p. 13. 
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The fact that with increased temperature of burning, the gravity 
may fall off, has also been noticed by both Arlt and West; both 
again give the results of investigators substantiating this fact in 
their paper. 

The percentage of water needed to give a normal consistency— 
as determined by the Ball method and the time of set determined 
by the Gilmore needle, are shown in Table IV for the ground 
clinker without any plaster and with 1, 2 and 3 percent plaster 
(the plaster used was commercially known as potters’ plaster). 
The effect of steam—the ordinary steam test for soundness—is 
also shown for the pats made from the material containing 3 per- 
cent plaster. 

Until some more accurate methods for the consistency and time 
of set, than the ones used or any others proposed, have been 
adopted, any fine distinction or close agreement between results 
eannot be secured. This applies particularly to cement contain- 
ing no or small amounts of plaster. Such material lacks plasticity 
to such a degree that it is not only very difficult to handle, but 
it is also difficult to make tests with it, which tests have been 
devised for well-plastered and consequently plastic cements. 

It is noticeable however that invariably the addition of 1 per- 
cent plaster makes the cement more quick setting than none; 2 
percent begins to show the true purpose of the plaster—that of 
a “regulator” and not necessarily a “‘retarder’’ of the set, while the 
3 percent shows this to good advantage and brings the set, except 
in the burns at abnormal temperatures, to a satisfactory time— 
acting as an ‘‘accelerator’ in the originally slow setting and a 
“retarder’”’ in the quick setting cements. 

The percentage of water required for the normal consistency, 
decreases with the addition of plaster to a slight extent, and with 
increase of temperature of burning to a decided extent. 

The soundness could have been predicted from the petrographic 
analyses. The amount of free CaO noticed then was sufficient to 
foretell the results of this test. The appearance of the clinker 
from mix ‘‘B”’ at 1400° and 1450° would not have led to such a 
prediction however, as it was extremely well-vitrified as noted 
before. 
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Strength of Briquettes and Cubes. In Table V is shown the 
tensile strength of neat and 1:3 Standard Ottawa sand briquettes 
and compressive strength of 1:3 sand cubes. These results are 
shown graphically in Figures 1 to 6. These results are the 
average of three briquettes or cubes at 7, 28 and 90-day periods. 
In a number of cases is shown also the strength at twenty-four 
hours, when it was apparent that the specimens would have 
sufficient strength to make a test at this early period. The results 
are also given showing the effect of heating under 300 pounds 
pressure in an atmosphere of steam (‘‘Autoclave Test’’), starting 
with atmospheric pressure and increasing to 300 pounds in one 
and one-half hours and holding there for one-half. hour longer. 
This heating was done at the end of twenty-four hours with the 
higher strength cements and at the end of seven days with the 
weaker ones. 

In this table it is shown that there is apparently a temperature 
beyond which not sufficient strength is gained by further increase 
of the temperature to justify it. 

It is readily seen how little is gained by burning ‘‘A”’ or “B”’ 
beyond 1300° and “C” beyond 1400°. It is also seen that the 
‘temperature of proper burning is within a comparatively narrow 
range, though to have shown this a little more clearly, more burns 
should have been made—since it is noticed that at 1200° both 
“A” and ‘‘B” were decidedly underburned and gave very low 
strength, yet at 1300° both show strength but little below the 
maximum. The same is noticed with “C”’ at the temperatures of 
1350° and 1400°. 

The results of the “Autoclave” test are interesting, but whether — 
it shows anything beyond the ordinary “Soundness”’ test is ques- 
tionable. Those burns which show disintegration in the latter, 
also show disintegration in the autoclave. In several cases it is 
noticed that the neat briquettes show a falling off in strength 
between the 7 and 28-day period (though the mortar specimens 
still show an increase) yet the autoclave does not show results 
which would lead one to expect this, showing on the other hand a 
very satisfactory gain. In one case ‘‘A 1400°” the autocalve shows 
a loss with the neat specimen, yet all specimens stored in water 
show very satisfactory gains. 
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Résumé. It has been shown that with increase of temperature, 
there is an increase in the amount of 3CaO.SiO,. That the con- 
dition of the iron oxide changes with increase of temperature— 
at a temperature a little below that necessary for proper burning, 
it enters into the orthosilicate coloring it brown and apparently 
preventing the inversion of the 6 form of that silicate to the y on 
cooling and thus preventing the “‘dusting.’”’ That the alumina 
tends to pass into the 3Ca0Q,Al,O; form. | 

2. Investigation of the tables showing the results of the petro- 
graphic analyses and strength show: 

a. That at early periods, at least, different raw materials give 
cements having very clearly the same physical properties and the 
same constituents. Whether these constituents are present in the 
same amounts has not been determined, though the indications are 
that any difference in these amounts has not been sufficient to 
make itself evident in the physical properties. Difference in com- 
position, however, would inevitably demand some difference in 
the amounts of the constituents. 

b. It has not been shown how an increase in the amount of 
3CaO.SiO2 has affected the strength, since there has been also a 
change in the amount of 3CaO.AI,O3 and free CaO. The combined 
effect of these changes has however been very slight, since there 
has been but slight change in strength beyond the temperature at 
which satisfactory material was first obtained. 

c. The a orthosilicate was noticed only in burn “‘C 1500°.”’ It 
is noticed that very low strength was obtained in this case, espe- 
cially at seven days. The data is however too insufficient to allow 
the drawing of any conclusion from it. 

3. While not of practical value, yet there is need of more work 
to show the relation between the specific gravity, temperature of 
burning and constitution. While there has been quite a little 
work done showing the relation between the two former, yet more 
accurate work is needed, and attempts made to correlate these 
with the constitution. 

In conclusion, acknowledgments are due Messrs. Klein, Gates 
and Flaherty for assistance in preparing the mixes, making exami- 
nations and tests of the finished cement. 


THE SUCCESSFUL OPERATION OF A CONTINUOUS 
KILN FIRED BY PRODUCER GAS 


BY 8. GEIJSBEEK, PORTLAND, OREGON 


It cannot be said in favor of the American producer gas fired, 
continuous kilns that they have been a great success so far, not- 
withstanding the fact that this method of firing clay products has 
been in successful operation in Kuropean countries for over a quar- 
ter of acentury. It has been, of late, the privilege of the writer to 
look into this matter carefully and study the different systems used 
in producer gas firing and to make comparisons between American 
and European methods of burning clay products in producer gas 
fired continuous kilns. The writer has been unable so far to com- 
pile all data thus gathered, and will for the present give only a few 
short notes in connection with the principal ideas. 

Producer gas as applied to industrial furnaces has many advan- 
tages over other fuels. It also has many disadvantages. We have 
found, in our experiences with gas producers, that to obtain proper 
results with this fuel in a continuous kiln for burning clay products 
is a problem entirely distinct from that of the successful operation 
of the gas producers proper. The producer gas fired continuous 
kilns are a success if the application of the producer gas is brought 
about in the right manner and by the right methods. If the pro- 
ducer gas is applied along the same principles as used with solid or 
gaseous fuels in downdraft kilns, we do not obtain the regenerative 
principle of firing which is so essential in producer gas firing; and. 
unless we apply this principle, any attempt to burn clay products 
with producer gas will fail. This principle of regenerative firing is 
notanewone. It was already recognized early in the last century 
and was patented in 1816 by Robert Stirling, a Scotch clergyman. 
He used this in furnace work and is considered the actual originator 
of the regenerative furnace. The work was carried on in England, 
and Ericson made some improvements in 1833. Later in 1853 
Gorman obtained a new patent on the recuperative principle of 
firing. Frederick Siemens also obtained a patent on this principle 
in 1856. Smaller improvements have been made from time to time, 


OPERATION OF A CONTINUOUS KILN 445 


but the Siemens recuperative gas firing principle is still the best in 
use to-day in all industries.! 

The air for burning producer gas should be heated before it is 

mixed with the gas in order to produce the best results and to work 
the most economically. This can be done in two ways, especially 
if we have waste heat gases at our disposal for that purpose. One 
of these methods is called “regeneration” and is used commonly in 
metallurgy, and the other method is named “recuperation”’ and is 
mostly used in furnace work. Regeneration is done by first heating 
a system of checker brick work with the waste heat gases, and then 
passing fresh air to be heated over this same brickwork. ‘This 
system has not been used to any extent in clay plants. The prin- 
ciple of recuperation as employed in furnace work is as follows: the 
hot waste gases from the furnace are passed over individual pipes 
through which fresh air used for combustion flows, and the waste 
gases transmit thereby their heat to this fresh air, and this becomes 
heated. 
_ The mistaken idea abroad is that there is a similarity between 
different kinds of gases, but this is far from the case, and producer 
gas will have to be handled differently from natural gas or gas gen- 
erated from coal or other fuel in ordinary furnaces. 

A fact learned by experience with producer gas fired kiln is that 
the higher the temperature, the more uniform and the more econom- 
ical the results will be of producer gas firing. C. E. Ramsden? 
states that there is no doubt that the continuous gas fired kiln is 
very successful for burning refractory goods, but it has certainly not: 
been adopted to-any extent for medium temperatures. 

The methods of making producer gas from solid or liquid fuels is 
not a point on which much trouble is experienced. Any gas pro- 
ducer built along the right principles, and gasifying with satisfac- 
tory results will do the work. We have several firms in this country 
who have built and equipped good gas producers, and the great 
strides which have been made in the producer gas power plants show 
that the American gas producers have given good results. In 
1911 there were in operation between 900 and 1000 producer gas 
power plants, ranging in size from 15 horsepower to several thou- 


1J. Dunnachie, Transactions English Ceramic Society, Vol. Vill, p. 81. 
2Cyril E. Ramsden, Transactions English Ceramic Society, Vol. III, p. 105. 
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sand horsepower, the total horsepower produced by these plants 
amounting to over 163,000 horsepower. In addition to this, we 
have the blast furnace and coke oven gas power plants with 339,280 
horsepower.’ It can readily be judged from these facts that 
the gas producer problem is applying itself more and more to all 
industries. : : 

If the application of producer gas to power engines has been 
successfully demonstrated and put into practical use, there is no 
reason why the application of producer gas to furnace work, and to 
burning clay products should not be solved successfully also. In 
practice it has been found, however, that in spite of a good gas 
producer plant or a producer plant in good working order, good 
results have not always been obtained in the burning of clay prod- 
ucts. It goes to emphasize the fact that there is a distinct differ- 
ence between making gas in a gas producer, and applying the same 
to burning clay products. In the burning of clay products, the 
successful method of applying the gas and its mixing with air in 
order to obtain the best results are the factors of importance, and 
it is right here that most systems now in use in this country are 
either total or partial failures. 

We find upon investigation that we must apply the system of 
regeneration or recuperation and must bear in mind that waste 
gases and such gases as are completely burned, can never produce 
heat again. They will be able to give off their heat by radiation, 
but this heat has no effect on the combustion of the producer gas, 
with which they are generally mixed, and it is right here that the 
present existing producer gas fired continuous kiln systems fail. 
They are designed principally to use the waste gases from the burn- 
ing chamber to heat up the next chambers ahead of the fire, and do 
not attempt, nor have any provision made to regenerate or recuper- 
ate the air to be mixed with the producer gas. In the principle of 
using waste heat to advantage, they are well designed and are giv- 
ing very satisfactory results. There is, however, a vast difference 
between the application of waste heat and the process of producer 
gas combustion. 

In the regular way of firing clay products with fire boxes, we 


3R. H. Fernald, Bulletin 55, Bureau of Mines, ‘““The Commercial Trend of the Producer 
Gas Power Plant in the United States.’’ 
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admit the air for combustion, either as cold air direct or somewhat 
preheated according to the method employed; but in either case the 
distance the air has to travel is short, and the air is constantly 
changing. In a continuous chamber kiln the process is different. 
The air for combustion passes through four and sometimes five 
chambers, sometimes in a straight flue arrangement and in other 
systems in an up and down arrangement, which lengthens the 
course of the air still more. The air comes to the first chamber be- 
_hind the fire and passes into the burning chamber, where it is mixed 
with the fuel or gases to produce proper combustion. In a con- 
tinuous kiln fired with coal from the top, there is always an oppor- 
tunity for fresh air to rush inside the kiln through these firing holes 
but in a producer gas fired continuous kiln there is no such oppor- 
tunity. If the rate of inrush of cold air at the last cooling chamber 
is great, it will be quite less by the time the air arrives at the firing 
chamber for we find that air expands as it gets heated, and in fact 
it expands about 4.82 times in volume at a temperature of about 
2000°. The quantity of oxygen, therefore, is far less in this heated 
air than in the cold air in the same amount of volume. 
Continuous kilns are operated either by mechanical fan equip- 
ment or large chimneys, and the draft created by either of these 
systems is the draft of the whole system. Experience has proven 
that this draft decreases as the chambers are heated up and is the 
smallest at the burning and just cooling chamber while it increases | 
again as the chambers are cooled down. So that with 15 mm. 
draft at the stack or fan, the burning chamber will have only 1 mm. 
and the just cooling chamber will have only 0.5 mm. draft, while 
the last cooling chamber will show again about 10 mm draft. Of 
course, these figures depend upon the length of the duct and the 
size of the fan or stack. These were taken, however, on a working 
gas producer kiln. The expansion of the air at high temperature 
mentioned before is responsible for these facts. It has also been 
observed that by lowering the fan draft, pressure could be produced 
on the burning chamber. If there is little draft in the first chamber 
behind the fire, there can be only very little movement of air, and 
consequently only very little air can be available for the combus- 
tion of the gases in the burning chamber. We find, therefore, a 
lack of proper combustion. In European practice this is mostly 
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overcome by admitting fresh air direct before the burning chamber, 
and in other instances by an interchangeable set of dampers, so 
that more draft can be created at the burning chamber. 

If gas and air are burned without pressure, we obtain the same 
results as in an ordinary gas flame, which is certainly not hot enough 
to burn clay products. However, if we increase the pressure on 
both, and put in a blast for the air and admit gas under pressure, we 
obtain a flame which will attain high temperature. This same prin- 
ciple applies to the producer gas in a continuous kiln. It does not 
have any air supplied under pressure, and consequently the results 
of the combustion are low in temperature. 

Nisbet Latta‘ states that it has been noted from experiments that 
in a furnace where producer gas and air were admitted under at- 
mospheric pressure, they have given a resultant furnace tempera- 
ture of about 1600° F; their admission under pressure of 1 inch (25 
mm.) increases this furnace temperature to about 2000° F; while 
with an increase in pressure of both elements to about 2 inches (50 
mm.) they gave a corresponding increase of temperature to 2400° F. 

The principal idea when using producer gas in continuous kilns, 
is to bring the producer gas into contact with heated air in order to 
get higher efficiency of combustion. The gas, as used in such kilns, 
will need a great deal more air to burn than is ordinarily assumed 
since the heated chamber to be burned has already attained a very 
high teniperature and the carbon of the producer gas will be 
entirely oxidized at that temperature. ‘There is also a limit to the 
oxidation of carbon. H. Ernst® has found that the oxidation of 
carbon begins at 752° F. and that carbon dioxide (COz2) is formed as 
the main product with only a small quantity of CO whether the air 
was admitted in large or small quantities. He further found when 
the rate of combustion increases and the temperature was raised 
. to about 1300° F. that the chief product was still CO, even if the 
waste gases contained 20 percent of CO. by volume. However, 
above that temperature the proportion of CO increased rapidly 
until 1800° F. was reached when CO was exclusively produced. 

We must further consider that a kiln which is just burned off, 
and even cooled for twelve or fourteen hours, will give off enough 


4 Nisbet Latta, American Gas Producer Practice, p. 398. 
5H. Ernst, Engineering Magazine, April, 1893. 
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waste gases which are still contained in the hot bricks and in 
the walls of the kiln to make the preheated air far less effective 
than if new fresh air was heated up and mixed with the gases of the 
producer. 

In European practice with producer gas fired continuous kilns, 
there is more attention paid to the proper air circulation than to the 
producer gas. Another fact, we find in European practice is that 
in nearly all cases the gas is taken from the producer to the kilns 
and admitted in the kilns by underground flues and bottom inlets. 
This is done in order to harmonize the properties of the producer 
gas with the effects to be obtained. Producer gas, being lighter 
than air, will more quickly mix with air and will more readily as- 
cend into the kiln from a bottom flue supply than if carried over- 
head and then forced down into the kilns, there to be mixed with 
air as is the practice in the American constructed gas producer 
continuous kilns. 

The best results obtained in firing downdraft kilns with solid 
fuel, natural gas or fuel oil are where we have complete control of 
the fuel, the air and the draft, and unless these three agents are 
under control we cannot expect good results. The question 1s 
therefore, asked if in producer gas fired kilns these essential points 
have been taken into consideration, and we must regretfully admit 
that they have not. Some kilns try to control the gas, others the 
draft, and none, as far as we know, in American practice have any 
control over the air. While draft and air are closely connected 
with each other, there is a great difference between controlling the 
air by means of the draft and admitting air at proper places and 
intervals, and using it as necessary without connection with the 
draft operating on,the kiln. 

Some of the conclusions of the study of gas producer fired con- 
tinuous kilns in order to make the same work successfully we have 
arrived at is that: first, we will have to devise a system by which we 
can first recuperate or regenerate the air necessary for combustion 
and by which we have complete control of such preheated air 
second, that we must have complete control of the waste gases and 
the draft; and third, that we must have complete control over the 
gases of the gas producer proper before they are.admitted to the 
kiln. 
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As stated at the outset of this paper, only a few of the principal 
ideas and differences have been brought up for the present. No data 
nor comparisons have been given of the actual. fuel consumption 
nor of the many advantages and disadvantages of the large cham- 
bers mostly in use in American continuous kilns. All Continental | 
continuous kilns have much smaller chambers than have been prac- 
ticed in building here. Another point not touched uponisthat EHuro- 
pean continuous kilns and, in fact, most kilns built abroad are 
designed for their special purposes and are built accordingly. A 
continuous kiln for burning common brick is a different proposi- 
tion from a kiln built for burning fire clay products. The princi- 
ple, as practiced in this country, to design and build a continuous 
kiln which will answer or all purposes and all kinds of clay products, 
for all local conditions and all different classes of fuel, is not approved 
in foreign countries. 

All tbese conditions should be studied beforehand and taken care 
of, and the success of such a continuous kiln is bound to be obtained 
more quickly and at less cost. To build a kiln first and change it 
afterwards to suit the purpose of the clay products to be burned in 
it is certainly the wrong method of solving a complex problem. It 
is a long way from success, and such procedure spells failure from 
the very start. There are plenty of monuments scattered all over 
the country to substantiate the soundness of this principle. 

It is the writer’s opinion that continuous kilns fired with pro- 
ducer gas can be designed and built to work very successfully, and 
the few facts stated above will go a long ways to solve the problem. 
It is also possible to change the many kilns which have been built 
to make them work successfully if the fundamental principles of 
the application of producer gas are applied properly. 


GRAPHIC GRANITES AS A SOURCE OF FELDSPAR! 


BY ARTHUR 8S. WATTS 


As the exposed deposits of pure feldspar in the United States 
are rapidly being worked out and the locating of new deposits of 
pure material is a matter of more or less uncertainty, it seems wise 
to seriously consider the available sources of feldspar which are not 
in the pure form but which contain no impurity which renders the 
feldspar unfit for ceramic uses. The most fruitful source of such 
investigation is the graphic granites or graphic pegmatites of the 
New England States. The pure feldspars of New England have 
been obtained from these pegmatite dikes, in which they occur as 
isolated lenses, and in their removal vast amounts of pegmatite 
rich in feldspar and containing little or no impurity, except quartz, 
was quarried but rejected at that time as waste. As the lenses of 
pure material were becoming exhausted, the operator began to work 
over these waste heaps and also the walls of the quarry adjoining 
the pure feldspar lenses, and he found there much material free from 
other impurity except quartz. This material was sorted, and the 
portion in which the quartz content did not exceed 10 or 15 percent 
was accepted and mixed with the pure feldspar. No serious difh- 
culty resulted from the replacement of 5 or 10 percent of the feld- 
spar by quartz, as this amount of variation in the ordinary pottery 
body might often occur through the use of material in which an 
excess of moisture existed. 

However, each year the supply of available pure feldspar becomes 
less and also the portion of the graphic granites richest in feldspar 
are used, leaving us a poorer assortment from which to select. The 
result is that the feldspar from New England has gradually changed 
from a material deforming at cone 8 to one deforming at cone 9, 
or even cone 10. This change or hardening of the feldspar is not 
due to any change in the feldspar itself but merely to the increased 
amount of quartz which is ground with the feldspar. 

Owing to the gradual hardening of the commercial grade of 
New England feldspars, many users have turned their attention to 





1 By permission of the Director, United States Bureau of Mines. 
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other sources of supply, thus fortunately leaving the use of the New 
England feldspars to those manufacturers who found their use 
essential to the securing of proper color in their wares. ‘This is 
especially true of the Maine feldspars, which are recognized as 
being of superior color to any other American feldspar except the 
North Carolina feldspars, the high price of which prohibits their 
use in Many industries. 

Graphic pegmatites or graphic granites, as they are generally 
termed, do not differ in their essential constituents from the ordi- 
nary pegmatite except that the quartz present is in a distinct crys- 
talline form, as will be seen in the accompanying illustration, 
Plate 1. The remarkable similarity to Chinese lettering displayed 
by these quartz crystals has led to the application of the term 
“graphic granite” or “Schrift granit,” as it is called in German 
literature. 

The practical application of these graphic granites naturally 
depends upon the amount of impurity present; and it is worthy of 
note that when the feldspar and quartz are crystallized together in 
this graphic form, the amount of other minerals present is much 
less than in other forms of pegmatite or granite. Quartz being the 
chief associated mineral, its influence upon the’ deformation point 
of the feldspar is of chief importance to the ceramist. 

Vogt? has offered the theory that in the graphic granites the 
quartz and feldspar are present in eutectic proportions. He pre- 
sents as evidence the following analyses of graphic granites and 
their recalculation into feldspar and free quartz contents. 


























NO. 1 NO. 2 NO. 3 No. 4 
SiO) o eka ete cn ia ae eee 74 .04 74 .00 Foroe 74.47 
ATsOe ee St a 14.44 14.31 14.44 15713 
CaO i ess ht eee Oise 0.39 0.35 0272 
Ki OMe Ab ees SAS ae 9 .36 0.025. 41 8.90 7.06 
NasOvs pee se ee 2.01 DAD 2 45 232. OL 
Feldspare nse ee, 75.3 753 72.7 
Free quartzig, oot 25.3 24.7 24.7 27 .3 





2 Die Silikatschmelz-lésungen, von J. H. L. Vogt, 1904, pp. 117-128, 
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In conclusion he says, ‘‘When the potash feldspar is in excess 
the proportions of feldspar and quartz in graphic granites are abso- 
lutely constant or only very slight variable. 

“From this we conclude with absolute certainty that the graphic 
granite is a eutectic mixture and has a composition approaching 
74 percent feldspar and 26 percent quartz.” 

J. J. H. Teall in British Petrography concludes that the graphic 
represents the eutectic between feldspar and quartz. 





Plate 1 


H. E. Johnson (Geologiska féreningens férhandlinger, Stock- 
holm, Vol. 7, 1905, p. 119) concludes that the feldspar-quartz 
content in graphic granites has a definite ratio, dependent upon the 
type of feldspar present. When the feldspar is orthoclase, the 
molecular ratio of feldspar to quartz is 2:3. When the feldspar 
present is plagioclase, the molecular ratio is 1:2. When the feld- 
spar present is albite, the molecular ratio is 1: 3. 

Bryden (Bull. Geol. Inst., Univ. Upsala, Vol. 7, 1904, p. 1-18) 
concluded from a study of many analyses that the type of feldspar 
present bears no definite relation to the feldspar-quartz ratio. He 
believes that a definite feldspar-quartz ratio does exist in most 
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graphic granites, but thinks it is not so simple as Vogt and John- 
son imagine. 

E. S. Bastion (Bull. 445, U. S. Geol. Survey, pp. 39-42 and 124— 
125) after considering the data and opinions of other investigators, 
compiled a table of mineral compositions of graphic granite in which 
he included not only all available foreign data but also the composi- 
tions of three Maine graphic granites. From a study of these he 
finds that even among graphic granites whose feldspars are almost 
identical in composition, there are considerable variations in the 
feldspar-quartz ratio. 

The list of graphic granite compositions will be included in an 

enlarged list connected with this chapter. 
_..The subject of chief interest to users of feldspar is the possible 
variation of graphic granites throughout a given district, both as 
regards ratio of feldspar to quartz and also as regards the chemical 
composition and physical behavior of the feldspar component of 
the graphic granites. | 


CHEMICAL COMPOSITION OF NEW ENGLAND GRAPHIC GRANITES 
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CALCULATED MINERAL COMPOSITION ~ 


























| A By eC 1 2 3 4 
Potashteldspir. eee | 63.4) 5169150 26) «547455 Oe oe Oates 
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* FeoO3 included with AlsO3. 
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A. Fine grained graphic granite (see illustration) from newly opened 
quarry of Maine Feldspar Company, east slope of Mt. Ararat, Topsham, 
Me., Bureau of Mines analysis. 

B. Medium grained graphic granite (see illustration) from Wm. Willis’ 
quarry, Cathance, Me., Bureau of Mines analysis. 

C. Coarse grained graphic granite (see illustration) from Golding Sons 
Co. quarry, Georgetown peninsula, Me., Bureau of Mines analysis. 

1. Coarse graphic granite, Fisher’s quarry, Topsham, Me., United States 
Geological Survey analysis. Quartz layers about 1 inch across and feld- 
spar layers about 4 inches across. | 

2. Moderately coarse graphic granite, Fisher’s quarry, Topsham, Me., 
United States Geological Survey analysis. Quartz layers about 0.05 inch 
across and feldspar layers about 0.15 inch across. 

3. Fine grained graphic granite from Kinkles’ feldspar quarry, Bedford, 
Westchester County, N. Y., United States Geological Survey analysis. 
Quartz layers about 0.03 inch across and feldspar layers about 0.08 inch 
across. 

4. Graphic granite from Andrews quarry, Portland, Conn. United States 
Geological Survey analysis. Quartz layers vary, but average not more than 
0.02 inch across. The feldspar layers average not more than 0.05 inch azross. 
Some areas of pure feldspar in the sample increase the feldspar content 
shown by the analysis above what a graphic granite of this fineness should 


yield. 
Analyses Nos. 1, 2, 3 and 4 are from Bulletin 445, United States Geologi- 


cal Survey, p. 124. 


A study of analyses A, B, C, 1 and 2, all of which are from the 
chief feldspar producing district of Maine, shows no greater differ- 
ence ‘in chemical composition than would be expected in samples 
taken from different portions of a single quarry. The maximum 
variation in potash content is 0.47 percent, and the maximum 
variation in soda content is 0.25 percent. The maximum variation 
in total alkali is only 0.53 percent. The maximum variation of 
alumina content is 0.70 percent and the maxiumm variation of 
silica content is 0.64 per cent. Calculation into their mineral 
constituents indicates a maximum variation in free silica content 
of only 3.4 percent. 

From the foregoing it appears that the statement of Vogt re- 
garding the ratio of feldspar and quartz seems to hold for Maine 
graphic granites. 

A study of the calculated mineral compositions indicates no 
regularity between the variation in free quartz content and the 
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size of quartz particles. The next problem was to determine the 
relation between the pyrometric behavior of the graphic granites 
and of their feldspar constituents. For this study, three graphic 
granites, A, B and C, which grade from very fine to very coarse 
grain, were selected. ‘The quartz content in all these is of the 
smoky quartz variety, and the feldspars are indicated by optical 
analyses to be microclines with small intergrowths of albite. 

The three graphic granites were photographed (see photo) and 
then divided into equal parts, one portion of each being pulver- 
ized as pegmatite while an equal portion was carefully cleaned of all 
free quartz content and pulverized as pure feldspar. The pul- 
verized material was all ground to pass a'200-mesh sieve in the 
dry state. A portion of each was mixed with a small amount of 
dextrine and molded in the plastic state into cones similar to stan- 
dard pyrometric cones. These cones were tested as follows: 
(a) for the deformation temperatures and rates of the graphic 
granites as such; (6) for the deformation temperatures and rates 
of the pure feldspar components; (c) for the relation between the 
graphic granites and mixtures of their feldspar components with 
known amounts of pulverized quartz. The quartz used in this 
last test was quartz sand pulverized to pass 200-mesh sieve dry. 
The relative pyrometric behavior of the graphic granites and their 
feldspar components is shown in Figure 1. 

A study of the diagram indicates that, at least in the case of these 
graphic granites of Maine, the deformation temperature lies’ well 
beyond that of their feldspar components. The first of the feldspar 
to commence deformation was C, followed within a few degrees by 
Band A feldspars. The feldspars all deform at about the tempera- 
ture of cone 8. Feldspar C deforms slightly ahead of cone 8 and 
feldspars A and B deform slightly behind cone 8. The rate of de- 
formation of the three feldspars varies slightly. Feldspar C which 
begins deforming first has the highest rate of deformation with 
feldspars A and B deforming together at the same rate as cone 8. 

The three graphic granites of which these three feldspars formed 
a part do not deform until cone 9 and furthermore do not deform in 
the same order as the feldspars but follow the order of calculated 
free quartz content. Graphic granite A, which has a calculated 
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free quartz content of 25.8 percent, begins to deform noticeably 
ahead of the other two granites and completes deformation dis- 
tinctly ahead of them. Graphic granites B and C carrying re- 
spectively 27.6 percent and 27.4 percent of free quartz begin to 
deform at the same temperature, but C deforms more quickly 
than B and completes deformation when B is not more than half 
deformed. . 

_ A study of the chemical analyses of these graphic granites dis- 
closes the fact that graphic granite C has the lowest Al,O; content 
and the highest Na,O content, both of which tend to favor rapid 
deformation in the pure feldspar; but the small free quartz excess 
contained in this graphic granite more than counteracts the effect 
of the more fusible feldspar and causes it to deform behind graphic 
granite A, which contains slightly less Na2O and slightly more 
Al,O3 but which contains 1.6 percent less free quartz. Graphic 
granite B, which is the richest in free quartz and contains the high- 
est percentage of Al,Os and the lowest percentage of Na2O, is the 
most refractory graphic granite, and its feldspar component is 
more refractory than that contained in either of the other two 
graphic granites. 
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Thus it is clear that a slight variation in composition may greatly 
change the temperature and rate of deformation of a graphic gran- 
ite. It must be remembered, however, that the three graphic 
granites studied are so similar that in commercial operations the 
difference in pyrometric behavior would hardly be noticed. 

The main point brought out by this study is the fact that graphic 
granites high in potash and low in soda and containing no lime, of 
which the graphic granites of Maine are examples, deform at tem- 
peratures distinctly higher than do their feldspar components. 
Hence they are not deformation eutectic mixtures of feldspar and 
quartz. Whether these graphic granites are true eutectic mix- 
tures, in that the ratio of feldspar to quartz represents the satura- 
tion point of each in the other so that both may solidify at the same 
time, is a question which this study is not designed to prove. 

The determination of the quartz content in the graphic granites 
by synthesis resulted as follows. 

Graphic Granite “A,”’ very fine grained. A block of this mate- 
rial was crushed and then cleaned as completely as possible of free 
quartz. The fact that the quartz present was of the smoky variety 
made its detection less difficult than would otherwise be the case. 
The pure feldspar was pulverized to pass 200-mesh sieve and mixed 
with increasing percentages of pulverized quartz in 5 to 35 percent 
amounts. The mixtures were molded into cones of standard di- 
mensions.. This series was placed on a fire clay slab, together with 
a specimen of the original graphic granite ‘A’ and also a specimen 
of the pure feldspar ‘‘A.”’ The pure feldspar deformed with cone 8. 
The graphic granite “A” deformed slightly above cone 8 and simul- 
taneously with the mixture of feldspar “A” and 25 percent quartz. 
A comparison of this data with the calculated norm composition 
shows that the discrepancy is not very great. 

Graphic Granite “B,’’ medium size grains. A block of this 
material was crushed, cleaned and pulverized in the same manner 
as Graphic granite “A.”’ Cones of the same feldspar and quartz 
percentage compositions were prepared and tested in a similar 
manner with specimens of pure feldspar ‘B”’ and graphic granite 
“B.” Pure feldspar “B’” deformed at cone 8. Graphic granite 
“B” deformed with the mixture of feldspar “B” and 30 percent 
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quartz and at the temperature of cone 9. A comparison of this 
data with the calculated norm composition indicates the discrep- 
ancy to be 2.4 percent as the calculated composition indicates 
27.6 per cent free quartz.. 

Graphic Granite ‘‘C,”’ coarse grained. A block of this material 
was prepared and tested in a manner similar in all respects to that 
followed with graphic granites “A and “B.” Pure feldspar ‘‘C”’ 
deformed midway between cones 7 and 8. Graphic granite “C” 
deformed between cones 8 and 9, but nearer cone 9 temperature. 
It deformed with the mixture of feldspar ‘‘C”’ and 30 percent 
quartz. A comparison of this data with the calculated norm com- 
position shows the synthetic mixture to be 2.6 percent high. 

This method of determining the quartz content of a pulverized 
feldspar is shown to be perfectly practical within general limits, but 
cannot be depended upon for determinations closer than two or 
three percent. This discrepancy is possibly in part due to the fact 
that the quartz used in the synthetic mixtures was finer grained 
than the quartz contained in the ground graphic granite. This 
fact was proven by microscopic study of the fused cones, although 
the powdered materials were all ceouer before use to be of suffi- 
ciently uniform fineness. 

In nature, graphic granite is a mixture of feldspar and quartz in 
intimate crystalline relation, but both exist as distinct minerals. 
These graphic granites must be reckoned as mixtures of feldspar and 
quartz, which fortunately are remarkably constant for graphic 
granites containing feldspars free from lime and high in potash and 
low in soda. If the user will recalculate the graphic granites into 
feldspar and quartz and introduce them as such, much of the diffi- 
culty arising from their use will be overcome. 

There follows a list of graphic granites calculated into their 
mineral components as norms.® 





3’ Bull. 491, U. S. G. S., “The Data of Geochemistry,’’ pp. 404-406 ine. 
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GRAPHIC GRANITES.* CALCULATED INTO THEIR NORM COMPONENTS 





FELDSPAR CONTENT 





= FREE 
POTASH | SODA LIME QUARTZ 
FELD- FELD- | FELD- 
SPAR SPAR SPAR 


LOCALITY REFERENCE 























TEP terG ee eee O12 143 ee Oe 34.0 | Bygden, No. 8 

2. DOKATDOre crete 5S 2oe LO. Go leeleas 29.5 | Bygden,. No.7 ~ 

3. Cathance, Me...| 51.1 | 16-9 27.6 | Graphic granite B, this 
article 

4. Georgetown, HOT galg20 27.4 | Graphic granite C, this 

Me. article | 
He Reade wasn ae 48) Wei 20tonge and 27.3. | Vogt, No. 4, 
6. Topsham, Me...| 54.4 | 18.5 OT APN Bulls 2445 on Ue eG aos 
p. 124. 

7. Topsham, Me...) 55.2 | 18.5 26.3" -| Bulls. 445," U.S) Gis: 
p. 124. 

8. Topsham, Me...| 53.4 | 18.2 25.8 | Graphic granite A, this 
article 

9. Vo1e;,Arendel.. ooo. b 17.00 a6 25.3 | Vogt, No. 1 

IOBHitGerG ae 52-0 2125) eles 24.7 | Vogt, Nos. 2 and 3. 

11. Arendel.....%...| 48.9 | 25.8 | 1.8 23.5 | Vogt, No. 5 

12. Bedford, N.. YY, \47 47) 28:44) 71-0 2322 (Bulla 445 Ue Gas: 
p. 124 

1S. TelikarleG seca 59.2 | 19.4) 0.6 20.8 | Bygden, No. 6 

14. Portland, BL? 2) 20628 Oe? 17.4.) Bull. 445, U.S. ‘Ges: 

Conn. p. 124 

15," R6dO. 2 2 oe 6 ae Semele 39.0 | Bygden, No. 9 

16.:Yiterbyee.. <i 2.7 | 46.3 | 13.1 37.9 | Bygden, No. 11 

LZ SHO ra ahs 8.5 | 51.9 | 7.9 31.7 1 Vogt, No.6 

18. Beef Island..... 3.8 | 55.5 | 22.4 18.3 | Bygden, No. 12. 





* This list with the exception of Nos. 3, 4, 8 and 14 is discussed by E. S. Bastin, Bull. 445, U. 
S. Geol. Sur., p. 41-2. 

A study of the foregoing table discloses the fact that the ratio of 
potash feldspar to soda feldspar is generally greater than 2: 1 and 
often reaches 3: 1. Where soda feldspar is the prevailing type 
present, potash feldspar is present in very small amount only. The 
graphic granites 15, 16, 17 and 18, belong to a class entirely distinct 
from the remainder of the list. A fact worthy of note in the study 
of this list is the small variation in norm content of potash feldspar 
in Nos. 1 to 14 inclusive, with the exception of Nos. 2 and 13, the 
potash feldspar content is between 47.4 percent and 55.2 percent of 
the graphic granite, while the soda feldspar in the same series varies 
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from 10.6 percent to 29.2 percent. In the first fourteen numbers 
of the table, i.e., the graphic granites high in potash feldspar, only 
two numbers contain more than 27.6 percent free quartz and only 
two contain less than 23.2 percent. Thus 70 percent of the graphic 
granites studied contain free quartz in percentages between 23.2 
and 27.6, or a variation of 4.4 percent. 


DISCUSSION 


Mr. Hope: I would like to ask what is considered the mixture of 
- lowest melting point between feldspar and quartz? What is con- 
sidered about the eutectic mixture? 

Mr. Watts: Well, my work last year indicated that it was in i 
neighborhood of 10 percent of quartz to 90 percent feldspar; that 
is when the feldspar has a composition of about 12 percent of pot- 
ash and 2 percent of soda, which is a very good average feldspar. 
While the feldspar begins to deform a little before the feldspar- 
quartz mixture, the rate of deformation of the feldspar-quartz 
mixture is so much more rapid, that, before the pure feldspar has 
reached the complete curve (come down to touch-the plate, as we 
say) the feldspar-quartz mixture has also reached that point, mak- 
ing its period of deformation so much shorter than the pure feld- 
spar that we may consider it a deformation eutectic. 

Mr. Hope: Would you say then that the feldspar with 10 percent 
of quartz is softer than pure feldspar? 

Mr. Watts: It deforms very much more quickly after it begins to 
deform; therefore I assume you would say it is softer. In com- 
merce, you never make a mixture of 90 percent feldspar plus 10 
percent of quartz. In ordinary porcelain bodies, you would have 
about 18 percent of feldspar and perhaps 40 percent or 35 percent 
of quartz; so that you would have 70 percent of quartz as against 
your 30 percent of feldspar in ordinary porcelain mixtures. This 
is simply a research covering the feldspar-quartz mixtures which we 
find in nature, not with any attempt to duplicate the feldspar- 
quartz mixtures we find in pottery bodies. The province in which 
I am working would hardly permit me to undertake the investiga- 
tion of feldspar and quartz mixtures in the proportions in which 
they occur in pottery bodies. 
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Mr. Doe: I came in a little late and didn’t hear the first part of 
the paper. How do you prepare those samples? 

Mr. Watts: In this case I use the graphic granite. 

Mr. Doe: I mean the mechanical preparation? 

Mr. Watts: I simply pulverized them all to pass a 200-mesh 
sieve dry, and these powders were then worked up with a small 
amount of dextrine, enough to hold them together, and made into 
cones. 

Mr. Doe: Well, this perhaps may be an academic point, but where 
fineness is such a factor in fusion and the difference between your 
modes of heating is not very great, what would be the effect if you 
were very careful in separating the particles to a uniform size? 

Mr. Watts: With regard to that, I would say that these were all 
very carefully ground in order to get them as near as possible of the 
same sized grains; that is, they were ground to pass a 200-mesh 
sieve and sieved very often in order that the material should be as 
nearly 200-mesh material and as little of it finer than 200-mesh as 
we could get. 

Mr. Doe: How could you prevent that fineness? 

Mr. Watts: Of course you will always get a certain amount of 
material that is finer than 200-mesh. It you take 200-mesh ma- 
terial and continue to grind it you will get it all down to a 1000 ora 
2000 mesh; whereas, if you simply crush it and it is put upon the 
screen and you continue that, you will find, by the use of the micro- 
scope, that you will have a very small proportion of exceedingly 
fine material. I don’t believe it is possible to grind that material 
so that it is all going to be between 200 and 220 mesh, but there 
were only the two alternatives; one was to pulverize the material 
down until it was infinitely fine, or else keep it about the same ratio 
of coarse to fine, and that we attempted to do. 

Mr. Walker: Well, you had a straight alternate, that is, to make 
a fusion and then grind that fusion; have you done that? 

Mr. Watts: I did that last year and found no difference in the 
deformation effect. I did not want that data. What I wanted 
was the deformation effect of the feldspar as it comes to you or any 
other man who proposed to use it. It is out of the question to melt 
the feldspar once in order to get a low deformation point; the cost 
of the operation would be too great, and while it might be justified 
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in a few instances, in the majority of instances it would be out of the 
question for a potter to melt his feldspar and then pulverize it 
again, so I considered that this was more useful than in the other 
way. 

Mr. Purdy: I understand you challenge the statement that 
pegmatite is not a eutectic? 

Mr. Watts: No, I don’t challenge any statement. I simply say 
that so far as we have been able to determine the graphic granite 
is not the deformation eutectic. It may be the melting point eutec- 
tic. That, I am not discussing. 

Mr. Purdy: The view of physicists would give us the eutectic 
between feldspar and quartz as 75 to 25, but that would not be the 
eutectic that Mr. Watts is talking about. 

Mr. Watts: These are deformation eutectics, not melting point 
eutectics. 

Mr. Spier: To obtain uniform particles, I would suggest that 
after pulverizing your material you pass it through a 190-mesh 
sieve. The material which passes through that sieve should then 
be passed through a 200-mesh sieve, and the product which remains 
on the 200-mesh sieve, known as the residue, you will find to be 
more uniform than if you were to take the entire product which goes 
through a 200-mesh sieve, as you can readily understand. By 
pursuing the first course, the residue on the 200-mesh sieve will be 
almost uniform in fineness, as it represents material which has all 
passed through 190-mesh sieve yet is too coarse to pass through a 
200-mesh sieve, whereas if you simply use a 200-mesh sieve in your 
screening process, the product which passes through the sieve will 
contain material of various degrees of fineness. If on the other 
hand you use the product which remains on the 200-mesh sieve, or 
residue, it also would not be uniform, containing coarse particles 
which should have been eliminated by a preliminary screening. 

Mr. Watts: Of course that is true, but wherever you are pulveriz- 
ing two materials, one more brittle than the other and of different 
crystalline structure, your grinding process is going to act more ab- 
ruptly upon one than the other. Therefore, where you are dealing 
with a mixture of quartz and feldspar, the minute you begin to 
sieve out any proportion of that, you destroy the whole object of 
your investigation, that is you lose a greater percent of your felds- 


464 GRAPHIC GRANITES AND FELDSPAR 


par than your quartz, or vice versa. The result is, you would not 
dare to resort to a method of that sort in this kind of investigation. 
You must use every bit of your material. } 

Mr. Spier: In that connection, would there be any objection to 
your pulverizing and screening each product separately, then 
making your mixture so as to be absolutely positive of the fineness 
and quantity of each commodity contained in the material which 
you propose to proceed to experiment with. 

Mr. Watts: What I am trying to do is to determine how much 
there is in this mixture. I don’t know how much there is in it. 
If I knew, I wouldn’t be carrying on this investigation. 

Mr. Montgomery: Couldn’t you arrive at a conclusion by analy- 
zing carefully separated feldspar and analyzing also the pegmatite 
as it is? | 

Mr.Watts: Yes, want to do that. In fact those were the analy- 
ses I expected to have to present this morning; but owing to some 
delay, the analyses are not here. What I want to show is whether or 
not this simple process of pulverizing a little of the feldspar, and 
pulverizing some of the graphic pegmatites, won’t give us the same 
results which we can obtain by chemical analysis. If that is the 
case, then any ordinary potter can make such tests without resort- 
ing to the chemical analysis, which most of our ceramic men hate to 
resort to and which they do not resort to unless they are absolutely 
forced to it. If wecan determine the ratio of quartz to feldspar by 
comparison of the deformation temperature of the graphic granite 
and the deformation temperature of the feldspar alone, without re- 
sorting to analytical chemistry, it will be a very convenient addition 
to our ceramic knowledge. 

Mr. Mayer: There is a commercial side to this thing and a prac- 
tical side, that I want to speak about. There are very few of our flint 
spar grinders in the United States who knew what the word eutectic 
meant till they came to some of our meetings; then they got a fool 
idea in their heads that the more flint they put in this spar, the 
softer they were going to make it (Laughter). That’s a fact. 
Mr. Walker can bear that statement out. They came here and 
the question was up; about a meeting ago we were fortunate enough 
or unfortunate enough to have some spar grinders. They’d say 
“Don’t you understand that it’s no good using pure spar? We’ve 
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got to put a little flint in it to make it softer.”” You get a carload 
of material in and the spars that ought to go down along cone 7 
or 8, won’t move hardly at cone 9 now. You know in this Maine 
feldspar there’s a great deal of flint has to be taken out in the clean- 
ing of it, which they used to take out. Now they are leaving the 
bulk of it in, with the idea that they are making it soft. If you 
talk to those men, they will try to explain to you, as they try to 
explain to me, that they are simply working on the lines laid down 
by the American Ceramic Society, that they’ve got to put some 
flint in. I wish some of you fellows would explain to them where 
they stand about this matter, because it would be a great help to 
us manufacturers if you would do it. 

Mr. Watts: I spent a good portion of last summer in the Maine 
feldspar fields, and they tell me there that they did not want to put 
the quartz in, but the manufacturer insists on having it in; so that’s 
the other side of the proposition. 

Mr. Mayer: I don’t think that is a correct story, because a potter 
would not tell a feldspar man to put flint in—why would he pay for 
flint as feldspar when he can get the flint at half the price of feld- 
spar? 

Mr. Watts: In the majority of the Maine feldspar deposits the 
quartz content runs from five to forty percent.. In years gone by 
they were very particular and they used nothing but the pure feld- 
spar; they rejected all the quartz, but you know you can’t keep on 
eating good apples everlastingly; you’ve got to get to the poor ones 
after a while. Now, in the deposits which are open, you have used 
up the best part of the feldspar, the part which would have enabled 
you to have perhaps 5 percent or 10 percent of quartz. Now in 
order to meet the price, which the operator tells me the potter in- 
sists on maintaining where it was five or six years ago, they cannot 
afford to mine deeper or pump more water or open new deposits; 
but they are fighting to maintain this ratio as nearly the same as 
possible. They tell me that they take this graphic granite and they 
sweeten it with just as much feldspar as they can possibly get, 
just as much pure feldspar, and that they are shipping and have 
continued to ship for a number of years, a feldspar-quartz mixture 
of about 15 percent of quartz. It seems pretty difficult for a man to 
believe that it never goes above 15 percent, because of the fact that 
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there is no system except an optical study of the material to guide 
them in maintaining this uniform ratio. ‘They tell me however, 
that the uniform mixture is about 85 percent of feldspar and 15 
percent of quartz. 

Any statements that we make regarding eutectics must I realize 
be very carefully printed and very carefully used, because of the 
fact that it is a very simple proposition for a feldspar manufacturer 
to say, if 5 percent of quartz is good, 10 percent is better, and if 10 
percent is better, 20 percent is quite an improvement and 40 per- 
cent ought to be splendid; but that is a thing I have been trying to 
explain and shall continue to try to explain to the feldspar manufac- 
turers. I think they, as a rule realize the importance of producing 
a feldspar which is absolutely pure and would like to do so if they 
could. I believe, however, that it is practically out of the question, 
without the finding of enormous lenses of pure feldspar, of which 
there are not a great many, to be able to produce, from the feldspar 
of the Maine district, a continuous supply of high grade, pure feld- 
spar. I think we will always have to submit to a small quartz con- 
tent; but, as I said in opening this paper, the value of the Maine 
feldspars is their exceeding whiteness and very fine quality and 
practical freedom from iron, and in order to get that, I believe we 
will always have to tolerate a comparatively small content of 
quartz. The problem is to keep that quartz content just as low as 
we possibly can. 

Mr. Hope: Did I understand you to say that graphic granite is 
used ground up with feldspar commercially? 

Mr. Watts: That is practically 60 percent of the Maine feldspar 
of commerce. 

Mr. Hope: Well, as a granite, it contains mica, does it? 

Mr. Watts: No, as I stated in this paper, the graphic granites are 
remarkably free, from other impurities than quartz. Very much 
freer, so far as my observation has gone, than the ordinary pegma- 
tites. Wherever you find a graphic granite, you find a pretty 
clean feldspar-quartz mixture. Very often you run into biotite and 
other materials, where you work in ordinary pegmatite, but where it 
runs into graphic structures, my experience has been that you find 
it pretty clean. That is merely a matter of experience with me; 
others might say differently. 


A PROCESS OF MAKING SANITARY WARE 


BY-J. B. SHAW, PITTSBURGH, PA. 


The object of this paper is to give to the readers of the Trans- 
actions a detailed description of a certain process used in the 
manufacture of sanitary ware. No attempt is made to compare 
the merits of this process with those of any other process. 


GENERAL DESCRIPTION 


The ware is made from a fire clay body by casting in plaster 
moulds. The body is allowed to dry thoroughly and a slip or 
engobe is applied by painting on with a brush. Over this is 
applied a raw, leadless glaze by painting on in the same manner 
as the slip is applied. The body, slip and glaze are all fired in a 
single fire in muffle kilns at cone 8 to 10. 

The Body. ‘The body used is composed of flint fire clay, plastic 
fire clay and grog. The fire clay is all mined in the vicinity of the 
plant. The flint clay is quite variable in character, at times carry- 
ing a very high percentage of free silica. The plastic fire clay is 
also quite variable, varying in color from a light gray to a black. 
The carbonaceous matter in this body is quite detrimental to the 
casting process. The soft clay also invariably carries a consider- 
able amount of concretionary iron pyrites which will be mentioned 
again later. The grog is simply pieces of defective ware, which 
are thrown in the pan with the clay and ground. The body used 
consists of 14 parts by bulk soft clay, 1 part hard clay, 1 part grog. . 
It is ground in a dry pan through a 10-mesh screen from which it 
drops into a bin over the blunger. 

The Blunger. The blunger, built up of brick, is about 9 feet 
in diameter by 9 feet deep. The blunger arms are set horizontal 
and are made of iron bars 3 inches wide by 2 inch thick. They 
set about 16 inches apart with a stationary arm intervening be- 
tween each pair of rotating arms. No provision is made for vary- 
ing the speed of the blunger, except by varying the speed of the 
engine; but this is a very important feature and in a plant properly 
equipped would be under control at speeds varying from 20 to 60 
revolutions per minute. 3 
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Blunging. The blunging process is where the supposed secrets 
of the process begin to play.their part. Before the clay is allowed 
to drop into the blunger, a barrel of solution is prepared as follows: 
to 400 pints of water, 20 pints sodium silicate solution (sp. gr. 50° 
Baumé) are added. This is put in a barrel and steam turned in 
the solution, heating it to a temperature such that the hand can 
just be borne in it without burning. The blunger is now started, 
and the body and solution run in together. The amount of solu- 
tion required for a given amount of clay is determined entirely by 
the man operating the blunger, who knows from experience the 
proper consistency which the body must have for casting. The 
same man governs the speed of the blunger, this being so governed 
as to keep the body from heating during blunging, which is detri- 
mental to proper working of the body in casting. 

The operator mixes about as much body as he thinks is required 
for a day’s casting, and allows the blunger to run, testing the body 
frequently, and adding more clay or solution as he thinks is re- 
quired to give the proper consistency. After he has his body right, 
he allows the blunger to run for about an hour to insure thorough 
blunging. The body for a day’s casting is usually made up the 
previous afternoon; and after standing over night the body must 
be blunged again for one-half to one hour. The success of the 
casting process depends entirely upon getting the body of the 
proper consistency before pouring, and it requires considerable 
skill on the part of the operator to accomplish this result. 

Tests, made by weighing the 14: 1:1 body just as it came from 
the blunger, drying thoroughly and weighing again, showed this 
body to contain very close to 10 percent water when at the proper 
consistency for casting. The amount of water will vary very 
much with the amount of sodium silicate solution used and the 
percent of soft clay in the body. 

It is quite generally known that the cracking of clay wares in 
drying is very greatly affected by the amount of water to be driven 
out. It will also be readily recognized that the addition of 10 
percent of water to a body of the above proportions will leave it 
in a very stiff condition; but when 10 percent of a solution com- 
posed of 1 part sodium silicate solution to 20 parts water is added 
to this body, it makes it of the consistency of moderately thick 
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molasses. This mixture also has the virtue of absolutely refusing 
to stick to plaster moulds at any time. 

This, then, is the nature of the body used in casting this ware. | 
The body is carried in buckets and poured in the moulds, care 
being taken to continue pouring in a single mould until it is full. 
No description of the moulds will be given as they do not differ 
from those used in any other process. The length of time re- 
quired between pouring and drawing the moulds varies according 
to the condition of the moulds, the thickness of the ware and con- 
sistency of the body when poured. Ware with a maximum thick- 
ness of 1 inch requires 5 to 6 hours when the body is poured of the 
proper consistency. Blocks were cast for kiln construction which 
were about 8 in. by 10 in. by 12in. These required about 20 hours 
for drawing. 

Finishing. After drawing the moulds, the ware is finished by 
going over it with a spatula, and trimming off and smoothing over 
rough places left at joints in the moulds. It is then placed on the 
drying floor, which is a brick floor heated by direct fire from flues 
running under it. The ware is set level in clay dust directly on 
the floor. The time required to dry a piece of ware 1 inch thick 
and longest side about 18 inches by 20 inches is about four days. 

Preparing for the Slip. After the body is dry, it is taken from 
the drying floor and set up on benches preparatory to painting on 
the slip. As the ware is taken from the drying floor, it is all care- 
fully inspected for cracks, warpage and other defects, and nothing 
but perfect ware set up to paint, for any defect in the ware at this 
stage will only be exaggerated by future operations. Sometimes, 
the ware to be painted is gone over with a damp cloth to destroy 
the hard skin on the surface and leave a rough surface to which 
the slip will adhere better. 

The Slip. The slip to be used is made up in large quantities 
by blunging and kept in bins or tanks built up with enameled brick. 
The consistency of the slip as kept in stock is heavier than will be 
required as used. ) 

The preparation of the slip for painting is the most variable and 
hardest to control of any operation in the entire process. The 
three most potent factors in determining the procedure in pre- 
paring the:slip are: 
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1. The composition of the slip. 
2. The temperature of the slip room. 
3. The temperature of the painting room. 


In general, the following procedure will be found to give satis- 
factory results, the exact procedure being determined by study 
of the conditions as given. 

Make up the slip to weigh 24.5 to 29 ounces per pint. Now 
measure out 66 pints of the slip and place in a receptacle of con- 
venient size to stir, a wash tub or half barrel being about right. 
A good quality of gelatin is added to the slip as follows: For each 
pint of slip, weigh out 0.45 to 0.80 ounce of gelatin, add just suffi- 
cient water to cover when pressed down and allow to stand for a 
few minutes until the gelatin has absorbed the water and become 
soft; now heat this mixture in hot water or otherwise, being careful 
not to get too hot, until the liquid is thin and all lumps have dis- 
appeared. Pour the hot gelatin in the slip as prepared above 
and stir very rapidly while pouring in the ‘‘glue”’ or “gelatin,” and 
continue to stir vigorously until the mixture is of uniform con- 
sistency. Upon first pouring in the glue, the mixture will become 
very heavy and hard to stir but it will soften upon farther stirring, 
and will soon be thin enough to run through a screen. Imme- 
diately after stirring, screen through a fine screen (at least 80-mesh) 
into a cold receptacle. After screening allow to stand for a few 
hours in a cold room. When properly mixed, upon standing the 
mixture will become very thick and paste like, the best results 
having been obtained when it assumes the consistency of liver. 

The room in which the slip is prepared should be kept cold at 
all times. The room in which the ware is painted should be cool 
and clean. With any slip, the warmer the room in which it is pre- 
pared, the higher the percentage of glue required to make it up for 
painting. The higher the clay in the slip, the higher the glue con- 
tent required. Ball clay is especially hard to handle in this proc- 
ess and should be kept as low as possible. Sometimes the slip 
makes up to a good, livery condition; but when you try to paint 
it on the ware it drags on the brush and can not be applied in a 
thin uniform coat, which almost invariably results in the slip 
cracking and peeling from the body before going to the kiln. 
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The slip must be of the proper consistency for painting and 
must work easy under the brush, giving the workman time to 
spread it over the surface of the body in a thin, uniform coat. 
In order to get this result the following rules must be observed: 


1. Keep the slip room cold. 
. Keep ball clay in slip very low. 
. Keep total clay in slip as low as possible. 
. Add gelatin when thin and hot. 
. Stir very rapidly and long enough to get uniform 
consistency. 
6. Screen immediately after stirring into a cold recep- 
‘ — tacle to cool rapidly. 
7. High ball clay requires high glue and light weight of 
iaeclips : 
8. High total clay requires high glue and light weight of 
slip. - 
9. Warm work room requires high glue content and 
heavy weight of slip. 
10. Do not use slip until 5 hours old nor after it becomes 
so old as to develop very offensive smell, usually 
5 or 6 days old. 


Or Be Ww bb 


Painting. Having made the slip of proper consistency for paint- 
ing, a small amount, about a quart, is put in a paint bucket and, 
together with an ordinary paint brush of convenient shape and 
size, is given to the painter. This slip is painted over the surface 
of the ware, care being taken to spread the slip well and apply a 
thin uniform coat. The ware must be thoroughly dry before 
painting and, in general, one day should elapse between the appli- 
cation of the subsequent coats. The number of coats of slip re- 
- quired for the ware depends upon the consistency of the paint and 
the nature of the slip. The object of the slip is to hide the body 
under it, making the ware when finished look like white ware. 
At the same time the slip must be practically non-absorbent, in 
order to stand the ink test to which this class of ware is subjected. 
With a given slip, the more thoroughly it is vitrified, the thicker 
it must be to hide the body. - In general, five to seven coats of 
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slip are painted on the ware, giving a total thickness when burned 
of s5 to zy of an inch. 

During the painting of the ware, the painter should watch for 
cracks, crazes or peeling of the slip; and when a piece develops any 
of these defects, it should be taken to the scrap pile, because it is 
time wasted to try to patch it or paint over any defects. 

After the last coat of slip is applied, the surface of the ware is 
quite rough from brush marks and hard from the effects of the glue. 
It is now sand-papered until smooth, care being taken to take as 
little of the slip off as possible. In order to be able to tell how 
much slip is taken off in sand-papering and also to tell how each 
coat of slip is going on in painting, each batch of paint is colored 
with aniline dye when made up and when painting, each coat is 
of a different color from the preceding one. 

After the ware is sand-papered smooth and brushed clean, the 
glaze is applied. The glaze is made up in exactly the same way 
and applied in the same manner as the slip. The glaze, being low 
in clay, always requires less glue and works better than slip. Gen- 
erally two or three coats of glaze are applied. 

It is not considered worth while to go into detail in describing 
the setting and burning. The ware is set in muffle kilns, and 
burned at cone 8 to 10. The kilns in use are not a good type and 
the temperature may vary two or even three cones with the most 
careful firing, which is very high for muffle kilns. 


SOME DEFECTS AND THEIR CAUSES 


Some of the common defects encountered in using this process 
will now be given. 

Probably the most common and worst trouble in this process 
is clay cracks. Cracks may be found in the ware immediately 
after drawing the moulds. They may be caused by: 


1. Rupturing the ware by awkwardness in drawing the 
moulds. | 

2. Not having the moulds properly fitted and fastened 
together. 

3, Leaving the ware in the moulds too long before draw- 
ing. 
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4. Drawing the moulds too soon. 

5. Not having the body of the proper consistency when 
pouring. : | 

6. Too high soft clay content in the body. 

7. Body too short. 


When cracks occur in this stage, if they are small and not nu- 
merous, they may be patched by firmly forcing a course, short body 
into the crack. If, however, the cracks are large or numerous, 
it will be money saved to haul the ware to the scrap heap. 

Having placed the ware on the drying floor in perfect order, 
cracks may develop, the cause of which may be: 


1. Too rapid drying. 

2. Unequal thickness of adjacent parts of the ware. 

3. Unequal speed of drying of adjacent parts of ware. 
4. Too high soft clay content in the body. 

5. Body too short. 


When cracks develop at this stage, the only course is to haul the 
ware to the scrap pile. 

Another common defect is the warping of the ware during dry- 
ing. This may be caused by: 


1. Ware not setting level. 
2. Unequal speed of drying of adjacent parts. 


This defect is obviously incurable. 

Slip Troubles. In painting the slip on the ware, if it works 
easy under the brush and goes on in a nice even coat, no trouble 
is likely to result, unless a coat is applied over a body or previous 
coat which is not thoroughly dry, in which case the slip is likely 
to peel off in flakes when applying some subsequent coat. If the 
slip works hard under the brush, it will go on heavy and will crack 
and peel off in large flakes. If the slip does not contain enough 
glue to harden when dry so as to be scratched with difficulty with 
the finger nail, it is likely to brush off leaving thick and thin places 
or to peel off. If slip cracks or peeling develops in any piece: of 
ware before or after the painting is finished send the ware to the 
scrap heap. 
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The glaze will seldom give trouble in this stage. Be sure to get 
enough on to prevent dry spots, but do not get it so heavy as to 
run down vertical sides and cause heavy and crazed corners. 

Defects in Burned Ware. After burning, the ware may exhibit 
the following defects: 

Clay cracks, caused by, 


1. Opening of cracks which were in the raw body but 
not found. 

2. High silica content of flint fire clay. 

3. Too high soft clay content of body. 

4. Swelling of concretionary iron. 


Slip cracks, caused by, 


1. Slip following body in cracking. 
2. Cracks caused in painting, but not found before set- 
ting the ware. 
3. Iron concretions swelling and bursting out through 
the slip. 
Slip peeling from body, caused by, 
1. Steaming the kiln. 
2. Poor fit of slip to the body. 
3. Peeling caused in painting but not found. 
Slip crazing, caused by, 
1. Poor fit on the body. 
2. Slip too heavy. 
3. Chilling slip in cooling. 
Bare spots, caused by, 
1. Sand papering slip off after properly applied. 
2. Too low glue content in slip, causing uneven coat in 
painting. 
Warped ware, caused by, 
1. Warping in drying but not found by inspector. 
2. Ware set in kiln improperly. 
3. Shape of the ware causing unequal strains in shrinking. 
4. Viscous vitrification of the body. This being probably 
exaggerated by the action of sodium silicate. 
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In giving these defects and their causes, the writer does not 
claim to have given all the causes for any single defect, the inten- 
tion being to give those defects and their causes which have been 
actually observed. It is believed, however, that these defects 
and their causes as given cover fairly well the troubles incidental 
to making this class of ware with this particular process. 


EXPERIMENTS 


In an attempt to find a slip which could be handled properly 
by the above process, and work well as a slip for sanitary ware, a 
series of slips was made up by one of the owners of the plant and 
the writer was instructed to run them through the process in the 
regular commercial way. As the series as made up only covered a 
small field, the writer made an additional series in order to have 
the entire series when completed cover fairly well the field in which 
satisfactory slips are likely to be found. 

A glance at this work will reveal the fact that very little indeed 
was learned about these slips. The writer has interpreted the 
results to the best of his ability from the data obtained and will 
have to admit it was a great surprise to find the regularity they 
showed when plotted on the tri-axial diagram. 

Materials Used. The materials used for these slips were: 
Cornwall stone, potash feldspar, French flint, whiting and English 
china clay. It will be noted that none of these slips contain ball 
clay. -The reason for this is the fact that previous experience 
had shown that ball clay in the slip made it very difficult to get 
the slip right for painting; and when painted on the ware, the slips 
containing ball clay always gave trouble from cracking and peeling. 
Consequently, in making up this series, it was the aim to get the 
proper vitrification from feldspar, stone and whiting and allow 
the glue to replace the ball clay in bonding the slip together while 
in the raw state. 

The Slips. The first. series is given in the form in which it was 
handed to the writer in Table 1. The series formulated by the 
writer is shown in Table 2. It is highly probable that the action 
of the glaze would influence the slip, but this has not been con- 
sidered in this case. Twenty pounds of each of the slips was_ 
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TABLE 1 
NO. CHINA CLAY STONE FLINT SPAR WHITING 
1 30 40 20 0 0 
2 36 0 0 54 10 
3 38 0 0 52 10 
4 42 0 0 48 10 
5 44 0 0 46 10 
6 40 50 10 0 0 
7 30 50 20 0 0 
8 25 50 25 0 0 
9 20 50 30 0 0 
10 40 0 20 30 10 
1 40 35 20 0 
12 40 0 10 40 10 
13 30 0 20 40 10 
14 30 40 25 0 5 
15 30 40 30 0 0 
16 25 40 25 0 10 
17 35 0 10 45 10 
18 25 0 20 45 10 
19 30 0 10 50 10 
20 20 0 20 50 10 
21 30 60 0 0 10 
22 20 60 10 0 10° 
23 30 60 5 0 5 
24 20 60 ots 0 5 
25 30 bp 10 0 5 
26 30 50 15 0 5 
27 25 50 20 0 5 
28 40 45 15 0 0 
29 30 45 25 0 0 
30 25 45 30 0 0 
31 20 55 20 0 5 





carefully weighed and mixed thoroughly with sufficient water to 
make the slip weigh 27.5 ounces per pint. 





0.45 ounce per pint of glue. 


was about 50°; and with these conditions, all slips containing 40 














To this was added 


The temperature of the slip room 


percent or less of clay made up to a good consistency and worked 
fairly well under the brush, the result obtained being directly 
proportional to the content of clay. , 
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TABLE 2 
DESIGNATION SPAR FLINT CHINA CLAY LIME 
A 15 20 65 1 
B 15 30 55 1 
6 15 40 45 1 
D 15 50 35 1 
E 20 20 60 1 
F 20 30 50 1 
@ 20 40 40 1 
H 20 50 30 1 
I 25 20 55 1 
J 25 30 45 1 
K 25 40 35 1 
L 25 50 25 1 
M 30 20 50 1 
N 30 30 40 1 
O 30 40 30 1 
P 30 50 20 1 
Q 10 45 40 5 
R 10 40 40 10 
S 10 35 40 15 
T 20 30 40 10 
U 25 25 40 10 
V 30 20 40 10 








In the second series, 


A could not be painted at all. 

B went on in thick and thin patches. 

C was painted on with difficulty and peeled off later. 
D worked fairly well. 


The same results were noted throughout both series. : 

Consequently, all slips were made again, making up to weigh 
26 ounces per pint and 0.5 ounce per pint of glue was added. 
With these conditions, all slips made up in good shape and worked 
fairly satisfactory with the exception of A, in the second series, 
which finally cracked and peeled off the body after painting on 
the third coat. 

Five large pieces of ware coated with each of these slips, each 
piece having six coats of slip. The same glaze was used on all 
bodies and was as follows: 
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Stonesce ne Pe ae 1g a ahh ath ieee Ota ea teed a eee heehee alan ea 22 
Feldspats os ines verted taihnd el cca Pee ec 41 .25 
Flint... oS) Let ae a i a eae 15,00 
Whiting. ox. Shee ae Sth Wise ee yee Gee ney ae ee 14.00 
ZANC- OXVCC Se akc o etecg ete Oe Oe ee ee a 8.25 
China: CLAY Se so Gy eee ee tee eee ae re 2.50 


This glaze works well at 27.5 ounces per pint with 0.385 ounce per 
pint of glue added. It is very likely to craze on most bodies and 
requires about cone 9 to mature properly. 

All of the slips were burned to cone 9 half down. Having 
drawn the ware from the kiln and set it up in order as it occurs 
in the series, the method of testing was to compare their color 
and then, with a hammer, test the hardness of the slip. 

Results. The results obtained are shown in Tables 3 and 4. 
In giving the results, crazing refers to the slip, no attention being 
paid the glaze. These results plotted on the tri-axial diagrams 
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are shown in Figures 1 and 2. In plotting the results, the com- 
positions were recalculated, making the three principal ingredients 
equal 100 and allowing the lime as a straight addition. Prac- 
tically no information is obtainable from the diagram of the stone 
slips. A comparison of the two diagrams demonstrates pretty 
thoroughly that the existing prejudice against feldspar in favor 
of Cornwall stone for slip production is ungrounded. 
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CONCLUSIONS 
A study of the diagrams of the feldspar slips leads to the follow- 
ing conclusions: 
1. A clay content of more than 40 percent requires a feldspar 


content of more than 15 percent to get sufficient vitrification at 
cone 9, unless more than 1 percent lime is present. 
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TABLE 3 
NO. RESULT NO. RESULT 
1 | Very vitreous, no crazing, || 17| Very vitreous, crazed slightly 
looks good 18| Very vitreous, quite thin, not 
2 | Very vitreous, crazed in long crazed ‘ 
lines 19| Very vitreous, dark color, crazed 
3 | More vitreous, not crazed badly 
4 | Not so vitreous, crazed 20| Very thin, badly crazed 
5 | Very vitreous, not crazed 21| Very vitreous, not crazed 
6 | Very vitreous, not crazed 22| Very thin, very vitreous, not 
7 | Very vitreous, not crazed crazed 
8 | Very vitreous, crazed fine | 23} Very nice, hard and white 
lines 24| Quite vitreous very white, crazed 
9| Very vitreous, crazed fine badly . 
lines 25} Nice color, very vitreous, but 
10 | Quite vitreous, not crazed crazed 
11 | Less vitreous, not crazed 26| Very vitreous, thin, not crazed 
12 | Less vitreous, not crazed 27| More vitreous, thin, looks good 
13 | About the same as 12 28| Very vitreous, slightly crazed 
14 | About the same as 12 29| Very vitreous, badly crazed 
15 | About the same as 12 30| Very vitreous, badly crazed 
16 | About the same as 12 31| Very vitreous, badly crazed 
, 











2. An addition of 10 percent lime can be made without intro- 
ducing any material difficulties in slips containing more than 40 
percent clay. More than 10 percent lime is likely to make the 
‘slip too vitreous, attacking the glaze or destroying opacity. 

3. Slips with less than 40 percent clay and 15 percent or more 
spar are likely to be too vitreous and to craze. 

4. Slips with more than 45 percent spar are too vitreous and 
liable to craze. | 

5. Although a small percentage of lime is undoubtedly helpful 
in starting vitrification, it is not essential for the production of 
good slips. The best slips in this entire series were feldspar slips 
and were in the field outlined above. The limits given for this 
field seem very wide; but a glance at the chart shows that no de- 
fects were noted in any of the slips within this field, and hence no 
closer limitation can be set from this study. 

6. Satisfactory slips are very likely to occur anywhere within 
the following limits: 
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China clay 
Calcium carbonate 
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20 to 45 percent 
10 to 40 percent 
30 to 60 percent 

0 to 10 percent 























TABLE 4 
is i 
es RESULT RESULT 
= = 
A | Not in kiln - |M| Very vitreous, not crazed, looks 
B | Very white, chalky, not crazed good 
C | Very white, chalky, not crazed| N | Thin, vitreous, not crazed, looks 
D | Very white, quite vitreous, good 
crazed badly |O | Thin, vitreous, not crazed, looks 
E | Very white, quite vitreous, good 
not crazed | P| Very thin, vitreous, not crazed, 
F | Very. white, quite vitreous, looks good 
| « not crazed QQ, Very thin, vitreous, not crazed, 
G | Very white, somewhat chalky looks good 
| not crazed | Rj} Very thin, very vitreous, not 
H | Very thin, vitreous, not crazed, looks good 
 erazed S | Glaze has attacked badly, too 
jf | Quite vitreous, not crazed vitreous, bad color 
J Very vitreous, not crazed,|T)} Very vitreous, not crazed, looks 
_ looks good | good 
K | Quite vitreous, crazed quite) U| Very vitreous, not crazed, looks 
badly | good 
L | Thin, very vitreous, crazed|V_} Very vitreous, not crazed, looks 
| badly good 





THE PHYSICAL CHEMISTRY OF SEGER CONES 


BY ROBERT B. SOSMAN, GEOPHYSICAL LABORATORY OF 
THE CARNEGIE INSTITUTION 


No doubt every member of this Society has used Seger cones 
for the measurement of heat effect. Furthermore, a number of 
excellent papers on this subject have been given before this Soci- 
ety in past years and these have been quite actively discussed. 
There is, therefore, little need for my going into the facts regard- 








Fig. 1. Lecture experiment showing control exercised by the eutectic 
melting point upon the indications of pyrometric cones. 


ing pyrometric cones; but there are certain familiar properties of 
Seger cones which seem not to have been clearly explained on the 
basis of physico-chemical laws. It seemed that a brief treatment 
of these from the standpoint of the laboratory worker in silicates 
might be of interest. 

I can best introduce the subject by a simple lecture experiment. 
I have here five cones, made up of mixtures of sodium and potas- 
sium nitrates. Cone A is 100 percent sodium nitrate; cone B 
contains 25 molecular percent potassium nitrate; cone C contains 
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50 percent, and cone D 75 percent potassium nitrate and FE is 
pure potassium nitrate. 7 

On the basis of proportionality between fusing temperature and 
composition, we should expect cone A to go down at the melting 
point of sodium nitrate, namely 308°, followed by B, C, and D in 
order, and ending with cone E at the melt'ng point of potassium 
nitrate, which is 337°. As a matter of fact cone C starts first. 
But what I want you to note especially is that B and D are 
coming down at the same time.! 

In Figure 2 are plotted the compositions and melting tempera- 
tures of the cones used in the experiment. Potassium nitrate 
above 337° is of course a liquid; as it is cooled down it solidifies at 
that temperature all at once. If we add a little sodium nitrate to 
it, it will begin to freeze at a lower temperature, just as water 
begins to freeze at a lower temperature when salt is dissolved in 
it. The continued addition of sodium nitrate to potassium nitrate 
continues the lowering of the freezing point, down to a point 
where further additions will cause the mixture to begin freezing at 
a higher temperature. A familiar analogy is the case of salt and 
ice. If we add salt to ice in increasing amounts, we get down to 
a certain minimum temperature, and further additions will give 
a higher temperature. This composition of minimum freezing 
point is known as the eutectic composition. In the case of these 
two nitrates it happens to be very nearly 50 molecular percent. In 
general, it might lie anywhere between the two pure substances. 
I have gone into some detail in this explanation, because I believe 
these facts are so fundamental that they cannot be repeated too 
often. | 

Any mixture except the eutectic will contain, as you can readily 
see, a certain proportion of this eutectic mixture, together with 
‘an excess of one of the components. For instance, the mixture of 
25 percent of component A and 75 percent of component B will 
contain 50 percent of the eutectic mixture and 50 percent of excess 
of B. Therefore, when the temperature reaches the eutectic melt- 


1 See Figure 1. The furnace used for this experiment consists of a cylindrical steel cage, open 
in front, made of two metal rings into which rods are screwed. Glass tubes are slipped over the 
rods, and a helix of about 40 feet of No. 20 nichrome resistance wire is threaded over the glass tubes. 
The cones are cast in an iron mold, and stand on a shelf of asbestos board. The furnace is inclosed 
by two glass beakers, one slipping inside of the other. 
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ing temperature, 50 percent of the mixture will melt. Any cone 
made up of a mixture of these two components will consist, above 
the eutectic temperature, of a mixture of solid and liquid, the 
liquid being fairly thin; hence all the cones between A and E will 
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Fusion curve of the system NaNO;—KNO;. Recalculated to molec- 
ular percentages from data of Carveth.? 


come down at once, because a thin liquid, even though it contains 
a solid in suspension, cannot stand up in the form of a cone. 
That is the fundamental principle which I want to bring out. 
We will apply it first to the series of cones numbered 28 to 42. 
Here we have a series whose relations are easy to represent, because 
2J. Physic. Chem. II, 209-228, (1898). Tater investigatlon by Hissink, in Z. physik. Chem. 
XX XIT, 537-563, (1900), shows that this is not a simple eutectic system as stated by Carveth, 


but that each of the component salts carries the other in solid solution to a limited extent. 
This fact does not change the form of the fusion curve, however. 
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it contains only two components, silica and alumina. This series 
has been investigated by Shepherd and Rankin at the Geophysical 
Laboratory.’ 

Quartz is the form of silica used in making up cones 28 to 42. 
At temperatures above 1600° quartz changes rapidly into cristo- 
balite, which melts at about 1025°.4 Its rate of melting at this 
temperature is, however, very slow. : 

Alumina enters the cones in the form of kaolinite, Al,O3.2SiOz. 
2H2O and, in the higher numbers, pure aluminum hydroxide. 
Kaolinite is not a stable compound at high temperatures, even 
after loss of water, and appears to decompose into aluminum 
silicate (Al,S10;) and free silica. The only compound that occurs 
on the fusion curve is sillimanite, Al,SiO;. This compound melts 
at 1816°. Pure alumina melts at 2050°.° 

None of these three substances, cristobalite, sillimanite, and 
alumina, contains the others in solid solution to any considerable 
extent. A eutectic mixture forms between cristobalite and silli- 
manite, and another between sillimanite and alumina. We have 
here, then, two simple binary systems side by side; each may be 
expected to behave just as the series of little nitrate cones is 
behaving. 

The curve of Shepherd and Rankin is shown in Figure 3. On 
the same diagram are shown the compositions of cones 28 to 42, 
as well as the nominal and the experimentally determined tempera- 
tures at which the cones fall. . 

On the basis of what we have seen happening in the case of the 
nitrate cones, we should expect that the cones which represent 
pure compounds should stand up indefinitely at temperatures be- 
low their melting points. All the others should come down at or 
near the temperature of the eutectic, excepting those which lie 
so close to the pure compound that the excess component forms a 
rigid skeleton which is not pulled down by the flowing eutectic. 
Thus numbers 28 to 36 should come down near 1600°, 38 and prob- 
ably 37 above 1800°, 39 to 41 at about 1800°, and 42 at 2050°. 





3 Am. J. Sct. 28, 293-333. 1909. 
4C.N.Fenner. Am. J. Sci. 1913. 
5 Kanolt. J. Wash. Acad. Sct. 3,315-318. 1913. 
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Composition-temperature diagram for the system SiO.—Al1,03, accord- 
ing to Shepherd and Rankin,* showing the composition of cones 28—42. 


The published determinations’ of the indicating temperatures of . 
these cones show that they fall near, and at most not far below, 
the curve of Shepherd and Rankin. These determinations were 
all made in laboratory furnaces, at fairly rapid rates of heating. 





6 Am. J. Sci. X XVII, 302, (1909.) 

7 Heraeus and Haagn. Zs. angew. Chem. 18, 49-53. 1905. Hoffman and Meissner. Tonind. 
Ztg. 33, 1577-1581. 1909. Zs. Instr. 30, 179-189. 1910. Goecke. Metallurgie. 8, 667-676. 1911. 
These experiments have been corrected to the uniform scale on which the palladium melting 
point is 1549°, and platinum 1755°. 
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But Kanolt reports that, at slower rates, the temperatures indi- 
cated by these cones fall 40° to 70° below the nominal.® 

I have made a simple test of the effect of slow heating upon a 
number of high temperature cones which Dr. Kanolt had on hand 
at the Bureau of Standards. Number 28 (Orton and Berlin), 29 
(Orton), 30 (Orton and Berlin), 31 (Orton) and 33 and 34 (Berlin) 
were all heated together in a covered crucible in a Fletcher gas 
furnace. The temperature, measured with a platinum-platin- 
rhodium thermoelement, rose for one hour and then was held as 
steady as possible for five hours. The average temperature during 
this time was 1616°, which is below the nominal temperature for 
No. 28. At the end of five hours all the cones were down except 
33 and 34; 33 was about one-fourth down, and 34 had started to 
bend. Microscopic examination of No. 34° showed that it con- 
sisted, after cooling, of a felted network of sillimanite crystals, 
with about an equal quantity of isotropic material of refractive 
index between 1.47 and 1.495. The index of this latter material 
apparently lies between that of pure fused silica and that of cristo- 
balite, and it is perhaps a submicroscopic mixture of these. 

We have seen, therefore, that if given sufficient time, these 
cones tend to reproduce the behavior of our experimental nitrate 
cones. What then are the causes for the delay in their response 
to the temperature? 

The first and most important cause is the fact that the silicate 
cones are not homogeneous, in the chemical sense. Cones 28 to 41 
are made up of mixtures of quartz and kaolin, or kaolin and 
alumina. ‘The quartz must invert into cristobalite, and the kaolin 
must decompose into cristobalite and sillimanite. In cones 28 to 
37, sillimanite and excess cristobalite must then melt together into 
the eutectic; in cones 38 to 41, cristobalite and excess alumina 
must unite to form more sillimanite, and this again melts down 
with excess alumina into a eutectic. The cones as made up have 
therefore not the same physical constitution that they would have 
if first melted and then made up out of the melted material. 

The first cause of delay, therefore, is the chemical reaction tak- 
ing place between these solids to bring them into their final con- 


8 Burgess. ‘‘Measurement of High Temperatures,” p. 376. 1912. 
9 Microscopic examinations by Dr. H. E. Merwin. 
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dition of equilibrium. They do combine, however, in the solid 
state, and there is considerably more diffusion and reaction in the 
solid state than is ordinarily supposed. ‘This is well shown by a_ 
simple lecture experiment. (Two coarsely crystalline organic solids, 
guaiacol and salol, were mixed in a test tube, and immediately 
began to liquefy; in a few minutes they formed a, clear liquid.)!° 

Guaiacol melts at 28° and salol at 42°. Both of these solids 
will therefore remain crystalline indefinitely at the ordinary tem- 
perature of the room, about 20°. But their eutectic mixture melts 
considerably below room temperature. If the solids are mixed, 
therefore, they are not in equilibrium, and the liquid eutectic 
immediately begins to form at every point of contact between the 
solid crystals. | 

In the same way cristobalite and sillimanite should liquefy one 
another, even though the temperature is below the melting points 
of both components, provided only that the temperature is above 
the melting point of the eutectic. But the fact that this inter- 
action must first take place constitutes, as I have said before, 
the first reason for delay in the response of the cone to the high 
temperature. 7 

The second cause for delay in cones is the very slow time-rate 
of melting of silica and the alkali feldspars. Silica and the highly 
silicic feldspars are peculiar in this respect, that they can be 
heated above their melting points and still remain crystalline. 

This is not.a stable condition, that is, not a “‘superheated”’ con- 
dition. We have always believed that crystals cannot be super- 
heated, in the same sense in which a liquid can be undercooled, 
and this remains true, because during all the time while these 
substances are above their melting points, melting is going on. In 
the course of half an hour, at a temperature some degrees above 
its melting point, orthoclase for instance will melt to a certain 
extent; in the course of another half hour it will melt still further, 
and finally it will become entirely liquid. 

A third reason is the very viscous character of the liquid which 
is formed. Cristobalite above its melting point forms a very vis- 
cous liquid, and the same is true of the alkali feldspars. They will, 
however, flow when once melted. Even pitch, as you know, will 





10 This experiment was suggested by Dr. F. E. Wright. 
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flow gradually, although under a sudden blow it behaves like a 
brittle solid. 

We come now to the cones numbered 5 to 27. These cones are 
in effect made up by taking as a basis cone 28, which is practically 
the eutectic of aluminum silicate and silica, and adding thereto 
varying quantities of a mixture containing 30 molecular per cent of 
calcium silicate and 70 molecular percent of potassium silicate. In 
actual practice, they are made up of quartz, kaolin, orthoclase, 
and marble or calcium carbonate. These cones 5 to 27 belong 
therefore in the four-component system: SiO.-Al,O3;-CaO-K,0. 
It is impossible to represent graphically the compositions in a 
four-component system, together with the temperature, although 
composition alone may be represented by points within a tetra- 
hedron. 

In order to bring out clearly the composition and behavior of 
these cones 5 to 27, I have tried to make some simplification, in 
the first place by neglecting the component which is least active, 
namely, silica. We will consider the excess of silica as being a 
neutral substance which forms the body of the cone.!! We will 
take as the other three substances: 

1. Calcium silicate, CaSiO;; this is the most highly silicic com- 

pound of CaO and SiO: It is not present initially in the form of 
CaSiO3, but in the form of calcium carbonate and silica; but it is 
an easily formed compound and melts sharply. 
_ 2. Aluminum silicate, Al,SiO;, the only compound of Al,O3 and 
SiO. which is stable at high temperatures. It is present as an in- 
tegral part of the kaolin used in making the cones. Like calcium 
silicate, it melts sharply. 

3. Orthoclase, KAISi3;303 or K2Si0s3. AL SiOs. 48102; we take this 
as the third component in preference to K2Si03 because orthoclase 
is a. stable compound and is one of the actual constituents of which 
the cones are made. Even though it is rather a slow melting sub- 
stance, it melts perhaps faster than silica and at a fairly low tem- 
perature. - 





ll Thin sections of two cones, numbers 12 and 15, which had been heated in a porcelain kiln 
until No. 12 fell, were made in the Geophysical Laboratory some years ago. Both consisted of 
glass containing considerable amounts of fragmental quartz, apparently almost unacted upon. 
The glass contained also a small amount of some very minute crystals which had formed on cool- 
ing, perhaps AlSiOs. 
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In order to understand clearly the principles underlying the 
behavior of such a three-component system, it will be well to re- 
view briefly the relations in some simpler systems. 

As you well know, the relations of composition and tempera- 
ture in such a system can be represented by plotting the various 
mixtures of the three components as points within an equilateral 
triangle, and the temperatures upward at right angles to the plane + 
of the triangle. A space model can be constructed in this way 
which will represent the VEEN Ose cals points and melting points 
of all possible mixtures. 

The simplest three-component system is one in which no com- 
pounds or solid solutions are formed between the components. 
There is one mixture of the three which melts completely at a 
lower temperature than any other mixture, and so forms a “ter- 
nary eutectic.” A simple system of this kind is illustrated in 
Figure 4.” 

The next three-component system in order of complication will 
be one in which two of the three components form a compound, 
but no solid solutions occur. A maximum point in the curve of 
_ melting temperatures occurs at the composition of the compound, 
and eutectic mixtures form between the compound and each of 
its two components. Addition of the third component to the pure 
compound lowers the melting-point of the latter, and a eutectic 
mixture occurs between compound and third component. In effect 
then, this system can be resolved, in its simplest case, into two 
simple three-component systems side by side, each resembling 
Figure 4 and having a ternary eutectic. The best example of such 
a system is that shown in Figure 5. ! 

If, in a system of the type of Figure 5, the third component 
(the one which forms no compound) be supposed to enter into 
solid solution in the compound to a limited extent, and conversely, 
the compound enters into solid solution with the third component, 
we would have a diagram similar in form to Figure 5 with the pos- 
sibility again of two ternary eutectics. 

Unfortunately, experimental data on the system: orthoclase- 
CaSiO;-Al,SiOs are very scarce. The two-component system 
CaSi03-Al.Si0;, however, may be considered a cross-section of the 





12 These systems were shown in the form of plaster models. 
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system CaQO-Al,03-SiO2, so thoroughly studied by Shepherd and 
Rankin.“ In this system there occurs the one compound, anor- 
thite, CaSiO3.Al.Si0;, with a binary eutectic on either side. For 
the rest of the diagram, the evidence of the composition of natural 
minerals and occasional scraps of experimental evidence all point 
to the form of fusion diagram described in the preceding paragraph, 
as being applicable to the system orthoclase-CaSiO;-Al.Si035. 

In Figure 6 are shown the compositions of cones 5 to 27 as far 
as the bases are concerned, omitting excess silica. Since the 


Vrar7s. Ave Cér- Soc. Kol XV Fig.6 Sossnai. 
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Basal composition of cones 5 to 27, disregarding excess of silica. HE, 
eutectic. 


15 J. Ind. Eng. Chem. 3, 211-227. 1911. 
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proportion of potash to lime is constant, they lie on a straight line 
across the diagram. The letters E E mark the positions of the 
eutectics of the two-component system CaSiO;3-Al.SiO;, and the 
dotted lines show the probable course of the boundary curves 
into the three-component system. Figure 7 shows the fusion curve 
for the two-component system CaSiO;-Al,Si0;.% 

If the properties of these cones are in fact fundamentally con- 
trolled by the properties of the three component system ortho- 
clase-CaSi03-Al,SiO;s, and if this system has a fusion surface 
like that indicated by Figures 5-7, then it is possible to make 


Trarrs. Ar, Cer Soc. vol XV Fig7 Sosar 
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Form of fusion diagram for the system CaSi0O3;— Al, SiOs. 


certain predictions about these cones. In the first place, the low 
and well marked eutectic between anorthite and calcium silicate 
indicates a correspondingly low and well marked ternary eutectic 
into which orthoclase and orthoclase-bearing anorthite will enter. 
Cones 5 to 8 should therefore be easily influenced by the rate of 
heating and should show strongly the tendency to come down in 
a@ group. 

Cone 10 lies on the line joining anorthite:and orthoclase; 9 and 
10 should therefore show less markedly the effects of slow heating. 





16 The system CaSiO;-AlSiOs is not, in the strictest sense, a two-component system, since 
Al2O3 appears as a phase near the AleSiOs side, due to decomposition. This isa complication of 
secondary importance, however, in our present considerations. 
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The anorthite-sillimanite eutectic is quite near anorthite and will 
influence 11 and 12 in a manner similar to the effect exercised on 
5 to 8 by the lower eutectic. The increasing quantity of high 
melting and skeleton-building sillimanite in the higher cones will 
cause them to show these influences less and less, until beyond 
18 the increasing amount of the sillimanite-cristobalite eutectic 
requires to be taken into account. These higher cones will appear 
from another point of view in a later paragraph. 

Recorded experience with cones confirms the above predictions 
in large measure. Seger himself recognized that the lower silicate- 
alumina cones came too close together: “5, 6 and 7 do not differ 
much in regard to melting point, . . . . .. butI did not de- 
sire to do away with the cones 5, 6 and 7 because their numbers 
correspond to the acidity.’’!” Professor Orton said!8 in the discus- 
‘sion of Mr. Geijsbeek’s paper in 1904: “TI find it almost impossible 
to make cones 4, 5, 6, 7 and 8 so that one will not sometimes over- 
take the other.’”’ He stated also that he had found the German 
No. 5 to fall occasionally before No. 4.% These instances could 
no doubt be multiplied from the experience of any user of these 
cones. 

The introduction in Germany of the new ‘‘a”’ series of boro- 
silicate cones by Simonis in 1908 has probably obviated these 
difficulties to a considerable extent, since 6a, the highest number of 
the new series, approximately replaces numbers 4, 5 and 6. But . 
the introductio1 of three additional components (soda, magnesia, 
and boric acid) complicates the question so much that I have not 
ventured to discuss their chemical relationships. 

Taking up, further, the cones above No. 8, we find numerous 
experiments which bear out our general predictions. Loeser,?° for 
instance, after studying the behavior of the entire series up to 
about No. 19, states that the groups which show the greatest 
irregularity are numbers 018 to 012, 1 to 7, and 11 to 12. The 
effect of slow firing in lowering the falling-temperatures of all the 
silicate-alumina cones in most common use (comprising numbers 





17 Gesammelte Schriften, p. 194. 

18 Amer. Ceramic Soc. Trans. 6,99. 1904. 

19 No. 4 occupies the same position as No. 5in Figure 6. The ratio of bases is the same in both, 
but No. 4 contains less excess silica. 

20 Sprechsaal. 40, 499-501. 1907. 
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4 to 20) has been a matter of frequent observation. Zimmer”! 
reported that 1 to 9 gave temperatures 25° to 30° lower in a slow 
fired biscuit kiln than in a smaller trial kiln. Geijsbeek’s experi- 
ments” showed lowerings of 75° to 85° below the nominal values, 
in long burns with cones 1 to 7. Much more extensive tests were 
made by Hoffmann” covering cones 4 to 35-in laboratory furnaces, 
and 7 to 17 in commercial kilns. The long continued heating under 
kiln conditions produced lowerings of from 40° to 110° below the 
laboratory furnace values. Excellent examples of the control 
exercised by the low-melting eutectic may be found in the elabo- 
rate experiments of Rieke.™ I will quote one which is of especial 
interest: ‘‘In another burn cones 6 to 10 were heated for some time 
at 1160° to 1180°. After three-quarters of an hour cone 6 began ~ 
to bend, and was down after one and one-half hours. After two 
and one-quarter hours cone 7 followed, and after two and one-half 
hours, cone 8. After 5 and one-half hours cone 9 was somewhat 
bent, and superficially glazed, while cone 10 still stood quite erect.” 
It will be remembered that 10 lies on the line between the pure 
compounds anorthite and orthoclase. The effect of the eutectic 
in pulling the cones down one after another at a constant tempera- 
ture is here quite evident. | 
- The investigations of cones 19 to 26 by Simonis in 19072 showed 
that these fall so near together in their temperature indications 
(1530° to 1566°) that several of them could well be omitted. Num- 
bers 21 to 25 were therefore dropped from the list and are no 
longer made. One reason for their close approximation in fusing 
points is evident from the diagram of Figure 6, namely, that the 
proportion of aluminum silicate varies very little from cone .to 
cone. | 3 

These cones, furthermore, lie near the boundary curve for cristo- 
balite, aluminum silicate, and calcium silicate in the three-com-. 
ponent system SiO2-CaSiO;-Al,SiO;. In other words, the cristo- 
balite-sillimanite eutectic of Figure 3, lowered by the addition of 
calcium silicate, probably exercises greater control over the cones 
at this end of the series than do the eutectics of Figure 6. 


21 Amer. Ceramic Soc. Trans. 1, 23-38. 1899. 

22 Amer. Ceramic Soc. Trans. 6, 94-99, 1904. 

23 Sprechsaal. 44, 143-144. 1911. 

24 Sprechsaal. 44, 726-729, 741-744. 1911. 

25 Sprechsaal. 40, 71-72. 1907. Tonind. Ztg. 31, 146-148, 1907. 
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What I have said is not intended in any way to decry the use- 
fulness of Seger cones. Their use by hundreds of plants over a 
period of twenty-five years, and their continued use today side by 
side with thermoelectric and optical pyrometers, is evidence enough 
to the man on the outside that Seger cones are practically indis- 
pensable to the clay-working industries. But what I have said may 
serve to emphasize the statement that cones do not measure tem- 
peratures. ‘They are indicators of heat effects, and as such are 
very efficient tests for the control of an industrial process. Their 
use may also be extended to other tests which are in nature of 
the control of a process, such for instance as the comparison of the 
softening temperatures of coal ash, where the relative fusibility 
of different ashes, and not the exact temperature of incipient or 
complete fusion of a given ash, is the information desired. 

Efforts and suggestions have been frequently made with the ob- 
ject of causing the cones to come somewhat nearer to measuring 
temperature, independent of time and other variables. A recent 
patent issued to the laboratory of Seger and Cramer” covers the 
use of hollow cones to give more rapid action. Another?’ covers 
the procedure of first fusing the materials, and then making the 
cones out of the fused mixtures, in order to do away with the delay 
in action incident. to preliminary reactions among the constituents. 
But neither of these expedients removes the cone from the influence 
of its lowest melting eutectic; indeed, the second would place it 
more under the control of the eutectic than before. Furthermore, 
it would seem that as a test for controlling a process the slow-acting 
cone serves a purpose that the quick-acting cone does not, in giv- 
ing warning that the final stage of a desired heat effect is being 
approached, and in allowing time for the fire to be regulated .ac- 
—cordingly.?8 : | 

If it is desired to obtain a sharp indication of a given tempera- 
ture, independent of the rate of heating, the fundamental principle 
is evidently to use only pure compounds or pure eutectics. In 
spite of numerous statements in silicate literature to the contrary, 
there are numerous compounds and eutectics among the silicates 





26 German patent 197450, June 1, 1907. 
27 German patent 197698, June 1, 1907. 
28 Discussion in Trans. Amer. Ceramic Soc. 8, 163. 1906. 
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which melt at perfectly definite temperatures, and melt promptly 
when those temperatures are attained. Furthermore, it is not at 
all necessary to resort to the slow-melting and very viscous alkali 
feldspars. A number of these sharp melting compounds are in 
common use in the Geophysical Laboratory for calibration of 
thermoelements and occasionally for the direct indication of tem- 
peratures. The principal objection to their general use is the neces- 
sity of employing very pure chemicals, and of keeping them pure 
when the mixtures are made. Further research will reveal an 
increasing number of such compounds and mixtures, and will no 
doubt show the way toward their application industrially for the 
measurement of temperature. 


The Chairman: Gentlemen, I presume there are quite a number 
of you who want to ask questions or discuss in some way this 
exceedingly valuable paper. We will have to get to it at once and 
not lose any time. 

Mr. Purdy: It is beyond the depth of most of us; I think all we 
can do is to congratulate the author on his fine presentation of the 
subject and thank him, and I make this motion. 

(Motion seconded, and adopted.) 

Mr. Chairman: In the name of the Society, Dr. Sosman, we 
thank you for this paper. 


COEFFICIENT OF EXPANSION OF PORCELAIN BODY 
MIXTURES 


BY ROSS C. PURDY 


The bodies experimented with are those described by Potts and 
Knollman in “Some Data on the Relative Density of Structure 
of Bodies, Compounded from Feldspar, Clay and Flint,” page 285, 
this volume. 

The apparatus and methods of measurement used was the sae 
as described by Boeck, p. 470, Vol. XIV, Trans. Amer. Cer. Soc. 

It has been thought best to merely present the data obtained 
in curve form rather than to give the data themselves, for they 
are considered as having relative value only, not absolute. . Then 
too, time and space does not permit of a thorough analysis of 
these data. | 

OBSERVATIONS 


1. It should be noted that in all mixtures containing 30 or more 
percent of flint, the bodies expand with rising temperatures with 
regular increment producing practically a straight line curve from 
room temperature up to 500 C.; that at 500 C. there is an 
increase in the amount of expansion per degree rise in temperature 
which continues until the temperature reaches about 600 C.; and 
that at about 600 C. there is a decided decrease in the rate of 
expansion, causing the curves to show a decided break at about 
600°C. 

2. These changes in the rate of expansion noted in observa- 
tion (1) seem to be due entirely to the flint content, the higher 
the content of flint the more pronounced the changes in rate of 
expansion. 

3. The rate of expansion with increasing temperature of bodies 
containing less than 30 percent flint is changed but very slightly 
at 500 and 600°C. 

4. In general terms the rate of increase and the total expansion 
obtained increase with increase of flint content. 

5. The least rate of increase in expansion per degree rise in tem- 
perature is formed in the bodies having the lowest flint content 
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and containing from 10 to 25 percent of feldspar. These also had 
the lowest total expansion. 

6. Increase in feldspar content increases the rate of expansion, 
hence the total expansion, but does not interfere with the changes 
in rate produced by flint. 

7. Itis not safe to state in certain terms just what effect was pro- 
duced by the biscuit heat treatment (the heat treatment to which 
the trial pieces were subjected in burning); but in general it is 
abserved that difference in heat has the greatest effect in bodies 
containing 40 and more percent of flint, and shows the least effect 
in the low flint bodies with 10 to 35 percent feldspar. 

8. Contrary to the theory set forth by Purdy and Potts, there 
does not seem to be a constant: relation between total porosity 
and coefficient of expansion. Whether there is any such relation 
between volume of. open pores and the coefficient of expansion is 
not disclosed by the present data. 
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DISCUSSION 


Dr. Sosman: I want to inquire whether any microscopic 
analyses have been made in connection with this series of experi- 
ments? 

Mr. Purdy: No sir, we have not. 

Dr. Sosman: It seems to me that it would be very interesting 
to compare the microscopic analyses with these results. Though 
mineral quartz is known to expand at an increasing rate up to a 
temperature of 575”, at that point there is a sudden change in the 
crystal, and above 575°, the coefficient of expansion is negative. 
If quartz is present in the mixtures on which you obtained those 
curves, it seems to me that this phenomenon would explain that 
peculiar form of curve. ; 

Mr. Purdy: May I ask if quartz would change that rapidly? 
We did not take a very long time in heating and cooling these 
trials; we could do three expansions in a day, so we did not take 
over three hours per test piece. | 

Dr. Sosman: It is not a question of hours; it will change almost 
instantly. 

Prof. Parmelee: One case came under my observation recently. 
There is a brick plant using quite a silicious clay, and during the 
progress of burning, they ran short of fuel. They were com- 
pelled to let the kiln cool down and when the fuel arrived, the 
fires were started again. When they opened the kiln, they found 
an extraordinarily large number of cracked brick, and I have 
always believed that the difficulty was due to this cause which 
has been mentioned, namely that the firing had been carried up 
to a point at which the rapid expansion of the quartz had taken 
place, that the material had not burned hard enough to secure 
strength, and on cooling again, it followed practically the same 
sharp curve it did during firing. On re-firing, it was subjected 
again to the same strain, and consequently the brick cracked in 
unusually large numbers. 

Mr. Moore: Mr. Purdy has mentioned the fact that he fired, 
in these investigations, from a low temperature up to 900° because 
it had been plain that crazing may occur at the lower temperature. 
I have not seen crazing occur at that temperature, but I have 
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seen shooting occur at a temperature of about, as nearly as I can 
guess, 400°. I had occasion one time, to take the door of a trial 
kiln down in which I had some trials with glazes on a very sandy 
body. The glaze was perfect when the door of the kiln was taken 
down, but while I was watching, those glazes began to shiver and 
continued until they left the body bare, and at a SN ae INES Ny 
low temperature. 

Prof. Orton: Mr. Chairman, I would like to ask Dr. Sosman 
a question: every time you heat a quartz crystal up to 575°, does 
it change over to cristobalite? 

Dr. Sosman: No, it is not a question of the change to cristo- 
balite; this is a case of two different kinds of quartz; the ordinary 
form changes to high-temperature quartz or beta-quartz at 575°, 
and this with falling temperature comes back to ordinary quartz 
again. 

Prof. Orton: At what temperature does the enctobante change 
occur? 

Dr. Sosman: At about 1200° or higher. Dr. Fenner found 
only an uncertain trace of cristobalite in quartz heated for a long 
time at 1200°. At higher temperatures the change progresses 
more rapidly. ; 

Prof. Orton: ‘Then if you have the quartz crystal heated to 
a thousand degrees and it cools off, it goes back to the low temper- 
ature form when it gets to 575°? 

Dr. Sosman: Yes sir, all the properties change in that same 
sharp manner, and that temperature, it seems to me, is one of the 
most important natural temperatures. In the heating of granite 
(or any rock containing quartz) you will find at that temperature 
a sudden change in the quartz, and of course the sudden expan- 
sion due to that change will crack the granite to pieces. If you 
heat it up the second time, the grains will push a little further | 
apart, and each repeated heating will increase the granite a little 
more in volume. 

Prof. Orton: 'That would show then that every time a silica 
brick is heated past this 575°, there would be a tendency for its 
structure to become rotted thereby? 

Dr. Sosman: Yes, the more often it passes by 575°, the more 
it will be broken up. 
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Prof. Orton: That perhaps accounts for the fact that where 
they are using silica brick, they find by experience that it does 
not pay to let the furnace cool down very often. 

Dr. Sosman: They might cool it to 600° without harm. 

Mr. Frink: In the caps of our glass furnaces, whenever we 
have a furnace cooling off, there is a temperature, we never knew 
just what it was, 500 or 600 or 800°, but we knew there was one 
temperature at which it was quite essential that a man should 
be there with a wrench in his band following up the cap or the 
next time we heated up, we would hump it up in the center. I 
have seen four or five tons of pig iron piled on top of a cap to try 
to keep it down, without any result. 

Prof. Parmelee: On this particular kiln a pyrometer was used. 
Do I understand you to say, Dr. Sosman, that silica always returns 
‘to the same crystaline form? 

Dr. Sosman: Yes. 

Prof. Parmelee: We have a statement in Bourry that experi- 
ments have been tried on quartz crystals and that with repeated 
firing increasingly large amount of quartz changes crystaline form 
and that the change is permanent. 

Dr. Sosman: That is true, at a very high temperature, the 
form to which it changes being cristobalite. 

Prof. Parmelee: The source of Bourry’s information is not 
given but Korl makes a reference to similar set of studies and 
gives Cramer the credit, so I assume that it comes from the source. 

Mr. Purdy: Is there any lag at all in this volume change of 
quartz at 575°? 

Dr. Sosman: I never observed any lag at-all. We made somes 
experiments on this volume change, and it occurs very suddenly. 
The curve comes up in a rounded form which made us suspect at 
first that it was a time lag, but the volume comes back along the 
same curve. | 

Mr. Purdy: In the case of silica bricks, you have coarse grain 
the same as in granite. Wherever you have large grains, you 
get a permanent set, that is, the expansion of the individual grains 
pushes the grains apart. Hence there is a permanent expansion 
of the volume. In these porcelain bodies however, there is no lag 
at all; they return to their exact volume, and we spent two weeks 
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trying to find one of these pieces that would exhibit a lag. Even 
the body highest in flint and lowest in feldspar exhibited no lag 
at all. It cooled right back as fast as the furnace would cool, 
so that the expansion of the quartz left no effect on the volume of 
the piece so far as we could detect it. I suppose that is because 
our flint is so fine. . 

Dr. Sosman: I suppose it is due to the fineness of the grain. 

Prof. Potis: How did the curve for number 6 compare with 
49? You have the same flint content, the only difference would 
be in the feldspar and clay. 

Mr. Purdy: They run a great deal alike, only that number 6 
has a more decided hump than 49. 

Prof. Potts: That would lend weight to Dr. Sosman’s state- 
ment that the change is due to the flint; there is a much greater 
similarity in these two bodies than there is in the bodies you com- 
pared first. | 

Mr. Purdy: That is only true where we have equal vitrifica- 
tion, where we bring this body up to cone 8 or cone 12 vitrified; 
then we get curves that are quite similar, but we have that same 
pronounced hump at 600°C. in all these high flint bodies. 

Prof. Potts: I think that hump in every case represents that 
‘sudden change. 

Prof. Orton: Presumptively then, quartz as quartz is. not 
present in large amounts. | | 

Mr. Purdy: I don’t know. They took about a day or a day 
and a half to cool the kiln in which the bodies were burned, and 
whether quartz would change to cristobalite and back again, or 
not, in that day and a half, I don’t know. 

Dr. Sosman: No, cristobalite, if formed would probably not 
change back to quartz. 

Mr. Purdy: ‘Then we must be dealing with cristobalite. 

The Secretary: Cone 2 is supposed to be 1170°C; it depends 
on how fast you melt it. Cone 10 is 1830°C; that is, if you melt it 
fast enough; if you melt it over a long period, it is a good deal lower. 

Dr. Sosman: These temperatures are not sufficient to trans- 
form quartz, when alone, into cristobalite, with any rapidity. 
Even after heating at as high a temperature as 1600° for 3 or 4 
hours, we have found considerable quartz left. 
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Prof. Orton: Isn’t it entirely probable that in these bodies 
_ which have been sintered at cone 2 or above that, you are dealing 
with glassy solutions?’ Petrographic methods might show the 
‘existence of quartz remaining as quartz, but wouldn’t they also 
show bodies that remain glass. 

Dr. Sosman: Yes sir. 

- Prof. Orton: It seems to me then that if you can prevail on 
Doctor Sosman to do that microscopic work, it would be a good 
thing; I think it would be interesting. 

Prof. Potts: Most of the discussion has dealt with quartz and 
cristobalite. It seems to me I read recently in a German publica- 
tion that tridymite belongs in between, about 900 or 970. 

Dr. Sosman: ‘There are seven forms of silica known already. 
‘There is quartz, which has two forms, one below 575 and one above. 
575. Tridymite has two forms, one below 120 and one above 120, 
and cristobalite has two, one below 220 degrees and one above 
220 degrees, and finally there is fused silica glass. The crystalline 
varieties are in pairs; two quartzes, 2 tridymites, and 2 cristobal- 
ites. Cristobalite is the stable form at high temperature; tridy- 
miteis an intermediate form, which is stable between 870° and 1470°, 
and quartz is the stable form at low temperatures. The most 
of this work on the forms of silica has been done by Dr. C. N. 
Fenner at the Geophysical Laboratory. A preliminary publica- 
tion of the results has been made in Jour. Washington Acad. Scv., 
1912, 2, 471-480. 

Mr. Barringer: I would like to ask if this curve is really due 
to quartz, in any of these forms, couldn’t you get a side light on 
the problem by using the fused quartz, the amorphous quartz, 
and substituting it in one of those bodies? That would wipe out 
that peak in the curve where the other forms of quartz changed. 

Dr. Sosman: It might wipe that out. 

Prof. Parmelee: We speak of fused quartz; is that quartz or 
another form of silica other than quartz? 

Dr. Sosman: The names, “fused quartz,” and “quartz glass’ 
_ are unfortunate trade names, but it is not worth while to try to get 
rid of them. Fused quartz is really fused silica and should be 
called by that name. 
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Prof. Orton: If it is put up and down through temperature 
changes, won’t it tend to crystalize again? 

Dr. Sosman: Yes, it will, and the higher the temperature the 
more rapidly it will crystallize. Cristobalite is the usual product 
of this devitrification. 

Mr. Watts: I have noticed in the study of the deformed feld- 
spar-quartz cones, when I undertook to study them by optical 
pyrometry to see in what stage I was getting my quartz, that 
there was no evidence after deformation began or had proceeded 
a little way of free quartz in the quartz-feldspar mixtures. Ex- 
cept when I get a very large content of quartz, it seems to immedi- 
ately be taken into solution by the feldspar, and I get a glass as 
evidence. The index of refraction drops away down just as you 
would expect in a glass. The interesting point was merely that 
in these deformed feldspar-quartz mixtures, the mixture seems to 
become a glass, at least the quartz cannot be located, even in the 
powders, as quartz. It all seems to go way down below 1.545 
which I believe is the index of refraction of quartz. 

I had in mind also the examination of some porcelain bodies 
of which I had slides made two years ago, and I would like to say 
that I will be very glad to furnish those if they would be of any 
interest to you. I have the ceramic formula, that is, the percent- 
age of quartz, feldspar and clay and lime, and also the type of 
feldspar that was used in these. I also have a statement of the 
temperatures at which the firing was done. 


THE ELECTRICAL CONDUCTIVITY OF CLAYS AND 
CLAY SUSPENSIONS 


BY A. V. BLEININGER AND C. 8S. KINNISON 


The development of the casting process, of the electrical purifica- 
tion of clay and the study of the effect of soluble salts, makes it fre- 
quently necessary to estimate the amount of salts present in clays. 
This may be done by means of the usual analysis, which is time 
consuming, or by the determination of the electrical conductivity, 
a quick method, giving results in a few minutes. This method is 
based upon the fact that the conductivity is approximately propor- 
tional to the concentration of the salt within certain limits. The 
_ conductivity of pure liquids is small, that of ordinary distilled water 
being 10-° reciprocal ohms at 18°. Even the slightest trace of a 
soluble salt will increase the conductivity very greatly, and propor- 
tionally (in very dilute solutions) to the amount of the salt present. 
As the concentration increases, however, the conductivity relations 
become more complex and in very strong solutions they do not con- 
form to simple rules. For practical purposes, especially for com- 
parative estimations between substances of about the same magni- 
tude of concentration, the conductivity may well be used for 
quantitative determinations. 

The conductivity of electrolytes increases considerably with rise 
of temperature. The temperature coefficient for salts is 0.02 to 
0.023, for acids and some acid salts 0.009 to 0.016, for caustic 
alkalies about 0.02 and does not vary much with the dilution. 
Since conductivity data are usually given for 18°, the specific con- 
ductivity C at any other temperature may be calculated from the 
relation: 


C. = Cis (1 + & (t — 18)) 


where k is the temperature coefficient. The increase in conductiv- 
ity with temperature is not due to an increase in the number of 
ions, but to an increase in their speed. The latter is made possible 
by the reduction in internal friction of the solvent with rise of tem- 
perature and the resulting diminished resistance in the passage of 
the ions. 
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In the case of certain mixtures as with sulphuric acid and water 
the conductivity reaches a maximum value and then decreases. 
In the system sulphuric acid-water the maximum conductivity 
point is located at about 30 percent H.SOx,. 

Conductivity measurements have been made use of, to a very 
large extent in the theoretical study of solutions, in the testing of 
water, in the examination of soils, etc. It is evident that the last 
named case is closely analagous to the conditions under which clays 
are to be studied. Considerable work has been done by the Bureau 
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of Soils, U. S. Department of Agriculture, along these lines. A 
detailed description of the methods involved is given in Bulletin 
No. 61, by Davis and Bryan of the above Bureau entitled: “The 
Electrical Bridge for the Determination of the Soluble Salts in 
Soils.” 

The apparatus used for the determination of the conductivity 
of solutions is based on the principle of the Wheatstone bridge, 
which is shown in Fig. 1.1. In this diagram BR is a resistance box, 
S a cell with platinum electrodes between which is the solution, 


1 From G. Senter, Outlines of Physical Chemistry, p. 255. 


ELECTRICAL CONDUCTIVITY OF CLAYS 525 


the resistance of which is to be measured, al is a resistance wire 
stretched along a graduated scale, cis a sliding contact. By means 
of a battery which is not shown in the diagram, a direct current is 
sent through a coil, K, which gives an alternating current. This 
is divided into two branches, at a, reaching b by the paths adb 
and acd respectively. A telephone 7 is inserted which is silent 
when the points c and d are at the same potential. The contact 
c is shifted along the wire till the telephone no longer sounds. 
When this is the case the relation 


Length of ac _ Length of cb 
jee S 


holds. Since ac, cb and R are known, S, the resistance of the elec- 
trolyte column between the electrodes can at once be calculated. 

Many forms of the electrical bridge are available for this work. 
In the present study a bridge kindly loaned us by the Bureau of 
Soils was used and later an instrument made by Hartmann and 
Braun, Frankfurt, Germany. The latter was found very convenient 
and accurate. 

In the Bureau of Soils apparatus a very compact electrolyte cup 
is used, having a capacity of 50cc. Itis made of hard rubber with 
brass electrodes heavily nickeled. It is turned, with 14 inches 
inside diameter and 1,5 inches inside depth. Slots 1 inch wide are 
cut through and the brass electrodes set in. Connection is made 
with the instrument by slipping the cup between two upright brass 
springs which make contact with the outside of the electrodes and 
which are connected as one arm of the bridge. This cup is very 
convenient in working with clays and was used also in connection 
with the Hartmann and Braun instrument. 

‘lt is apparent that the conductivity of clays in the plastic and 
slip states is dependent upon the character of the salts as well as 
upon their concentration, upon the water content, the amount of 
organic material and the physical structure of the clay. In the 
Bureau of Soils bulletin mentioned it is stated that the resistance 
of a soil having the same salt content increases with an increase in 
the fineness of the soil texture, that where the salts are composed 
in part of carbonates the resistance is much greater than when other 
salts alone are present, and that organic matter increases the resis- 
tance for the same salt content. Considerable work was done in 
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the investigation mentioned above examining different soil types 
to which known amounts of sulphates, chlorides and carbonates 
were added. Very convenient tables are also given for the reduc- 
tion of the resistance values to a uniform temperature of 60°F. 

With clays the factor of adsorption enters into consideration, and 
for this as well as the reasons already given it is not to be expected 
that the conductivity relation can be expressed as a linear function. 

In the present work conductivity determinations were made upon 
clays with varying water contents, from the moist to the slip state. 
The clays in the dried, ground condition were made up with dis- 
tilled water to the desired consistency. ‘The electrode cup was 
filled with the material and allowed to stand for twenty minutes 
when the conductivity was determined. At the same time the 
temperature was read from a thermometer inserted in the clay and 
a sample was taken for the moisture determination. ‘The tempera- 
ture correction was, of course, made for every determination. It 
is to be expected that at first with a low water content the resis- 
tance will be high and drop rapidly as the plastic state is reached. 
Upon the addition of more water a minimum point is reached, 
generally quite sharply defined, Figures 2, 3,4 and 5. This point, 
invariably located to the right of the water content representing 
the most plastic condition corresponds of course to the maximum 
concentration of the solution and is not necessarily connected with 
the demarcation between the lower limit of the plastic and the be- 
ginning of the suspended state. Although the idea of correlating 
the consistency of the clay with the electrical conductivity is very 
tempting it offers no hope of producing useful data. The question 
is governed by the amount of salts present in the dissolved and un- 
dissolved state and the amount of water available and depends also 
upon the state of equilibrium reached. The minimum point, how- 
ever, may be used for comparing the relative salt contents of dif- 
ferent clays. Thus the minimum resistance of the North Carolina 
kaolin is about 1530 ohms, of the Florida kaolin 1100 ohms, of the 
Georgia kaolin 280 ohms, of the Bedford shale 164 ohms. With a 
higher water content the conductivity becomes practically a linear 
function of the dilution. Any arbitrary water content may thus 
be used for purposes of comparison. 

In estimating the content of soluble salts in a clay or clay body 
it is desirable to know at least their qualitative composition and dif- 
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ferent clays should not be compared indiscriminately without such 
knowledge. The case is quite simple where substances like sodium 
carbonate and sodium silicate are added to slips since by using 
known amounts of the mixture a table may readily be prepared 
correlating the electrical resistance with the percentage of the 
reagents. 

In order to show the relation between the total amounts of 
soluble salts in five clays of the impure type and the electrical con- 
ductivity the following determinations were made. ‘Ten grams of 
_ the dried clay was weighed out and placed in a small ball mill with 
500 cc. of distilled water, together with about a dozen small pebbles 
carefully washed in pure water. After running the mill for three 
hours the liquid was transferred to a stoppered bottle and allowed 
to stand for some days. ‘The suspended matter was caused to pre- 
cipitate by the addition of ammonium chloride (solid). A portion ~ 
of the practically clear solution, 200 cc., was then removed, a small 
amount of aluminum chloride added and precipitated by means of 
ammonium hydroxide. The liquid was then filtered through a 
dense filter, evaporated to dryness in a platinum dish, ignited and 
weighed. Before adding the ammonium chloride to the clay sus- 
pension the latter was well shaken and the electrical conductivity 
determined. The results obtained are as follows: 











PERCENT SOLUBLE RESISTANCE IN OHMS. 
CLay 
SALTS | REDUCED To 60° F. 
Surface clay, Cleveland, O........... 2.10 2110 
Surface’ clay, Curtice,’ Oj... eee 1.05 3160 
No? 3 fire clay, Aultman; Ov. 2.3. 3... 0.94 3790 
Shale, Independence, O.............. 0.60 3970 
Shale .Cantoni@.. 1 oe wee eee 0.77 3650 








From these figures it appears that there 1s a fair agreement 
between the conductivity and the amount of soluble salts in spite 
of the fact that the soluble matter differs widely in composition 
and in part consists of substances not dissociated and hence non- 
conductors. 

In order to determine the effect of dissolved calcium sulphate 
upon a clay low in soluble salts the following experiment was car- 
ried out. A sample of North Carolina kaclin was thoroughly mixed 
and washed by decantation with distilled water until the conduc- 
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tivity of the wash water was reduced to 30,000 reciprocal ohms, 
using the cup of the Bureau of Soils apparatus. 

A saturated solution of calcium sulphate was then prepared by 
grinding some plaster of paris in distilled water in a ball mill, al- 
lowing to stand for several days, and filtering. To the prepared 
kaolin, requiring 36 percent of water to attain the state of soft con- 
sistency increasing amounts of the calcium sulphate solution were 
then added and. the conductivity of the clay determined. The 
water content was maintained throughout at 36 percent. The 
results are represented in the diagram of Figure-6. The curve 
thus obtained shows that the conductivity is not directly propor- 
tional to the amount of sulphate added. The change takes place 
more rapidly with the first additions and more slowly with the last. 
_ It is noted that as small an amount as 0.072 per cent of dissolved 
calcium sulphate can bring about a decrease in the resistance of the 
plastic mass from 4440 to 720 ohms. 

The determination of the electrical conductivity undoubtedly 
could find useful application in ceramic practice, especially in the 
_ control of casting and clay slips, boiler and tempering water, etc. 


DISCUSSION 


Mr. Purdy: May I ask if the accuracy of this method does not 
depend upon the salt? Isn’t it more accurate with some salts than © 
others? 

Prof. Bletninger: With carbonates this relation is not the same 
as with other salts, but it has been worked out with reference to 
carbonates. All of these results must be corrected for tempera- 
ture and we have used the tables of the Bureau of Soils. With 
material as heterogeneous as clay, it would be absurd to require 
- the accuracy of a bridge as used for measuring the conductivity in 
physical-chemical work but I think the instrument is sufficiently 
accurate for our purpose. 

Mr. Boar: I would like to ask if that method might not be used 
as a rapid means of determining the amount of water in plastic 
clay, instead of drying it out? ; 

Prof. Bleininger: Possibly, but Iam afraid it would not be quite 
accurate enough for this purpose since the amount of soluble salts 
varies. 


TALC AS A BODY MATERIAL 
BY C. W. PARMELEE AND G. H. BALDWIN 
INTRODUCTION 


There are a number of references to be found in ceramic litera- 
ture to the use of steatite or talc! in body composition. In Dil- 
lon’s book on Porcelain, page 131, mention is made of the possibility 
of the mineral having been used by the Chinese, although he says 
that is a disputed question. On page 359 we learn that a paste 
was used at Worcester about 1746 which contained one-third 
steatite, also that it entered into the composition of certain Chi- 
nese, Italian and Spanish wares. 

Salvetat, on pages 11 and 12 of Vol. II of Lecons de Ceramique 
speaks of the use of this mineral. 

Brogniart, in T’raztes des Artes Ceramiques, Vol. I, page 71, says 
that steatite is sometimes introduced in body mixtures in small 
quantities but is only rarely used. In the second volume, page 
422, he describes its use in the manufacture of porcelain at Turin, 
Italy, 1807. In the body there described, steatite was 28 percent — 
of the mixture while the clay content was only 9 percent. It 
gave a fine body having a slightly yellow color and a slight trans- 
- lucency. It resisted changes of temperature very well providing 
that they were not too sudden. Brogniart made some experiments 
on mixtures of a similar sort and obtained satisfactory results. 
The manufacture at Turin was finally abandoned. On page 424, 
the same writer describes porcelain containing steatite made in 
Spain about 1812, which was similar to that of Turin. 

Hegeman in Des Porzellans, page 33, describes steatite as use- 
ful in the manufacture of bisque porcelain, lithophanie and craqule 
glazes. 

The Manual of Practical Pottery, contains on page 14, a recipe 
for the preparation of ‘French Limoges China” which has a con- 
tent of steatite of 6 percent. 

Rohland in Sprechsaal, 1906, page 673, advocates the use of tale 
in porcelain because it possesses certain properties similar to those 





1“*Tale’’ is the material obtained from dealers in potter’s supplies and may be prepared 
from either of the minerals tale or steatite since they are alike in composition. 
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common to clays. In Sprechsaal, 1910, page 307 he compares the 
absorbing power of clay and talc and finds them very similar. 

Purdy, Trans. Am. Ceramic Society, Vol. VII, page 105, found 
the use of tale as a flux for floor tile was undesirable. 

Dana in Manual of Geology, 12th ed., page 327, says that “soap- 
stone is used in the manufacture of porcelain; it makes the biscuit 
semi-transparent, but brittle and apt to break with slight changes 
of heat.’’ 

Summing up the above, we are lead to the conclusion that tale 
or steatite has long been recognized as a material available for 
use in the preparation of ceramic bodies to which it imparts use- 
ful properties. 

EXPERIMENTAL WORK 


The bodies selected for the purpose of experiment were of the 
following composition. 
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The talc, purchased from a dealer in potters’ supplies, was intro- 
duced into each of the above series in the proportions given in 
- Table 1. In arranging the proportions of these mixtures, it was 
necessary to make an allowance for the silica of the tale composi- 
tion which is about two-thirds? of the mineral. Consequently a 
suitable reduction in the silica was made with the increasing 
amounts of tale. | 

These mixtures were weighed out separately in batches of 1800 
grams each, blunged, put through 100-mesh lawn, poured out in 


2 Tale has a composition: Silica, 62.8 percent; magnesia, 33.5 percent; water, 3.7 percent. 
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CLAY 


TABLE I.—COMPOSITIONS USED. 





FELDSPAR 


FLINT 


TALC 
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percent 


50.0 
50.0 
50.0 
50.0 
50.0 
50.0 
50.0 
50.0 
50.0 
50.0 
50.0 
50.0 
50.0 
50.0 
47.5 
47.5 
47.5 
47.5 
47.5 
47.5 
47.5 
47.5 
47.5 
47.5 


ALD 


47 .5 
47 .5 
47 5 
42.5 
42.5 
42.5 
42.5 
42.5 
42.5 
42.5 
42.5 
42.5 
42.5 
42.5 
42.5 
42.5 
42.5 


percent 
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percent 


45.0 
44.3 
43 .6 
43 .0 
42.3 
41.6 
40.3 
38 .3 
37.0 
30 .0 
33.0 
31.6 
28.3 
25 .0 
42.5 
41.9 
41 .2 
40.5 
39.9 
39 .2 
38 .0 
35 9 
34.5 
32.5 
30.5 
29 .2 
26 .0 
22.5 
37 5 
36.9 
36.2 
30.5 
34.9 
34.2 
30 .O 
30.9 
29.5 
27.5 
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TABLE I.—Continued. 
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CLAY 


FELDSPAR 


FLINT 


TALC 





percent 


37.5 
37.5 
37.5 
37.5 
37.5 
37.5 
37.5 
37.5 
37.5 
37.5 
10 37.5 
11 37.5 
12 37.5 
13 37.5 


a 


OMBONDOoOrwnre © 


32.5 
32.5 
32.5 
32.5 
32.5 
32.5 
32.5 
32.5 
32.5 
32.5 
32.5 
32.5 
32.5 


COIN et SS SO OO Sa On Cobo 


ee ae 





percent 


30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 


40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 





40 





percent 


32.5 
31.9 
Biel 
30.5 
29.9 
29.2 
27.9 
25.9 
24.5 
22,.5 
20.5 
192 
16.0 
12.5 
27 5 
26.9 
26.1 
25.5 
24.8 
24.2 
22.9 
20.9 
19.5 
17.5 
15.5 
14.2 
11.0 

7.5 





percent 





layers of uniform thickness on cloth covered plaster slabs. When 
sufficient water had been absorbed to leave the bodies in a work- 
able condition, they were rolled up in the cloths and stored in a 
damp place so that each mixture aged for at least a week. Upon 
the expiration of that period, the bodies were jiggered to form 
cups having, after burning, a height of about 4.5 cm. (13% inches) 
and diameter of 7.5 cm. (8 inches, approximately) and a thickness 
of 5to6mm. All the mixtures proved to be easily workable, strong 
and generally dried safely. 
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Besides making the cups, we prepared, by casting in plastic 
molds, discs each having diameter of 3.8 cm. (14 inches) and a 
thickness of 1.25 cm. (4 inch). These were intended for the deter- 
minations of shrinkage and porosity. Further we made wedge 
shaped pieces from the plastic body 4.6 cm. (142 inches) long, 
1.8 cm. (3 inch) wide and tapering from 1.1 cm. (7% inch) to 
0.5 cm. (3% inch). These were intended for translucency tests. | 

The cups were set in saggars in pairs inverted rim to rim. The 
other pieces were also placed in saggars. The burning was done 
in our coal fired laboratory kiln at cones 6, 8 and 11. Duration 
of the burns was twenty to twenty-two hours. 


RESULTS OF CONE 6 BURN 


Color. Generally the addition of increasing amounts of talc 
gives a white color. A considerable variation was noted, for 
example, numbers 8 to 13 of the D series are quite yellowish, 
while D-1 to 7 are the whitest of the whole lot. This seems to 
be due to a slight variation in the temperature, for the cones set 
in each saggar indicated a maximum variation of one cone. Fur- 
ther, the yellowish trails were less translucent. 

Deformation. None of these trials were deformed although 
the following showed more or less strong markings of the stilts 
upon which they rested indicating a beginning of the softening. 
B. series, 8 to 18 inclusive; C series, 8 to 13; D series, 6 to 18; E 
series 8 to 138. | 

“Translucency, Method. Attempts made to use the wedge 
shaped pieces by interposing a grating*® between them and 16 c.p. 
electric light failed to give satisfaction. We accordingly placed 
the lamp bulb within and immediately below a slot cut in the top 
of a wooden box and, after calipering the cups to determine the 
uniformity of thickness of wall, placed the side of the cup on the 
slot over the lamp. This method was inadequate in that it afforded 
no means for closely comparing translucency values, but it enabled 
us to determine at what point in the scale of mixtures translucency 
began and whether translucency increased or diminished with 
varying compositions. As a further refinement we interposed a 
fine wire between the light and the trial piece. With pieces of 





3 Trans. Am. Cer. Soc., XIII, p. 104. 
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slight translucency, this could not be detected unless it was moved 
across the illuminated field. It could be seen while in a stationary 
position with pieces of a higher translucency. Efforts to give this 
more definite expression by varying the guage of the wire, i.e., 
by substituting wire of Jarger diameter for the smaller were fruit- 
less. The shadow of the fine wire was as readily seen as that of 
the coarser. 
Results. 
A series. None showed translucency. 
B series. 7 to 13 were increasingly translucent but not 
strongly so. 
C series. 5 faintly translucent, which increases slightly. 
| D series. 1 much more, other numbers to 7 inclusive 
4. increasingly, 8 to 13 only faintly translucent. 
© EK series. 0 faintly, 1 much more so. 


er 


RESULTS OF CONE 8 BURN 


Color. The color of the biscuit becomes whiter or grayer as the 
amount of talc increases. 

Surface. Series C-6 to 13; D-7 to 13: E 5 to 13 Jha slight 
blistering. 

Deformation. Series A and B do not ey detente: but a 
softening of the pieces of higher content of tale is indicated by 
marks on the pieces made by the bitstone upon which they were 
set. Series C, 9 shows a tendency to squat down which is very 
marked in 10, 11, 12 and 13. Series D, 8 to 18 are badly deformed. 
Series E, deformation begins in 5 and the remaining numbers are 
badly deformed. 

Translucency. 

A series. Translucency increases from faint appearance in 8. 
B series. Translucency begins faintly in 4. 

C series. Translucency begins faintly in 1. 

D series. Number 0 is tranlucent. 

The following numbers have about the same translucency: A-10, 
B2-7; C-2; D-0: E-0, is very much more translucent than the 
preceding. 
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540 TALC AS A BODY MATERIAL 


RESULTS OF CONE i1 BURN 


Those which deformed badly at cone 8 were omitted. 
Color. An increase of talc, even of 1 percent, produces a whiter 
or grayish color. 
Surface. Small blisters occur in Series A-11 to 18; Series B-9 
to 13; Series C-7 to 13; Series D none; Series E none. 
Deformation. Deformation began in Series A with 12; in Series 
B, with 8; in Series C, with 6; in Series D, with 6; in Series E, with 
3 slightly. The deformation increased rapidly in each instance. 
Translucency. Translucency was faint with series A-8. Series 
B-0. C-0 was quite translucent. D-14 was very translucent. 
Translucency increased in every case with increasing percentage 
of talc. 
Selecting a few of these for comparison: 
A-9 and B-1 have about the same translucency. 
A-12 and C-0 have about the same translucency. 
A-11 and D-0 have about the same translucency. 
Comparison of Samples from the Three Burns. Comparing 
various samples for translucency as affected by the temperature 
of burning we have: 

















CONE 6 CONE 8 CONE 11 

A-O A-10 A-8 have about equal translucency 

B-7 B-5 B-0 have about equal translucency 

C-6 C-3 C-0O | have about equal translucency 

D-7 D-7 D-0 have about equal translucency 
E-13 is |not equal to| to E-14 at cone 11 





It was noticed that in all cases trials containing tale gave whiter 
transmitted light than those without. 


ABRASION AND COOLING TESTS 


Abrasion Test. The cast pieces, one of each mixture, previously 
mentioned, from the burns at cone 8 and cone 11 were placed 
together in a small porcelain jar (one gallon capacity) of a ball 
mill and ‘‘tumbled” for ten hours. The results obtained by cal- 
culating the percentage losses on each piece were plotted. There 
were some wide variations naturally, but smoothing out the irregu- 
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larities, we have the curves shown in Figs. 2, 3 and 4, which are 
worth considering. | 

Cooling Test. The results obtained were very unsatisfactory 
and served only to show that the method was inadequate. As a 
basis of comparison we purchased several small red-ware cups 
with a white lining, which are used in households for baking. 
They apparently were of two different makes, since one lot was 
stamped with the makers trade mark while the other had no dis- 
tinguishing mark. These were heated in an oven to a temperature 
140°C. and then plunged into water at a temperature of 10°C. 
without damage even to the glaze. The test was repeated several 
times with the same results. Some of the above series were tested 
in the same way without any effect that could be noticed. This 
test was abandoned and a Seger kiln was heated to 470°C., as 
indicated by a pyrometer, a red-ware cup was placed in the crucible 
of the furnace; and when the pyrometer indicated the above tem- 
perature, the cup was withdrawn and quickly plunged into ice 
water. This was repeated ten times. Three of each make were 
tested in this way. One of each make broke in this test. Our 
trial pieces burned at cones 8 and 11 were subjected to the same 
test with only an occasional broken piece. Some of the bodies 
spalled badly, which was due to water being taken into the pores 
and there suddenly being turned into steam. 

This test proving inadequate, a measured quantity of water 
was placed in both red-ware pieces, and some of our trials, and 
small pieces of C. P. tin, melting point 232°C., were placed in the 
cups to serve as pyrometers. The water boiled away and the tin 
melted but no harm was done to the cups. While still hot, these 
were immersed in cold water but without apparent effect. To 
increase the severity of the test, it was repeated using small pieces 
of zinc, melting point 419°C., and upon the appearance of melting 
of the zinc, the cups were dipped into water but without any break- 
ing. We are now seeking a test which will be adequate for the 
purpose. 

It was noticed in case of both the red-ware and our trials that 
the heating in the Seger furnace and sudden cooling destroyed the 
“ring’’ of the pieces, excepting those trials high in clay. 
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SUMMARY 


Tale as a body material may be introduced in considerable 
quantities at the expense of the clay content without affecting 
the working properties of the body. 

It has a decided influence towards promoting the translucency 
of the ware even when introduced in small quantities. The light 
transmitted through such translucent ware is of a whiter quality. 

The color of the ware is made whiter by the addition of the tale, 
and becomes of a grayish tone in some mixtures. 

Talc promotes vitrification in the body. This vitrification proceeds 
slowly and apparently without the sudden fusion peculiar to lime. 

Progressive additions of tale to a body, up to certain limits, 
increases the toughness as measured by abrasion loss. This in- 
crease is noticeable with all the feldspar contents examined. This 
is quite in accord with the statement by Richard (Proceedings of 
Congress of Applied Chemistry, 1909. Abstracts Eng. Cer. Society, 
Vol. VIII, page 13) that “‘the usual lime earthenware is compara- 
tively easily breakable. The introduction of magnesia as well as 
lime into the clay body gives more resistive power toward knocks 
or pressure.” 

DISCUSSION 


Mr. Bleininger: I think this paper is a very valuable contribu- 
tion to our knowledge of bodies. I would like to simply suggest 
something in regard to translucency. ‘Translucency might be 
measured by means of a selenium material, which has the property 
of having its conductivity lowered as light falls upon it. In this 
manner, numerical data could be obtained. This method is used, 
as we know, in astronomy for ene and comparing the 
various light intensities of stars. 

Prof. Orton: I would like to ask Professor Parmelee if he has 
made any inquiry into the availability of steatities of this grade? 
Is it a practical thing to buy it on the market at prices we could 
afford to pay? 

Prof. Parmelee: American tale is quoted at $15 to $20 per ton; 
the French at $15 to $25; and the Italian at $35 to $40. We have 
rather large.steatite deposits in the state of New Jersey, and it 
seems to me that possibly there might be some useful application 
of material derived from such sources. 
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Mr. Barringer: I think I can answer Professor Orton’s question 
by stating that a very good trade of American tale can be obtained 
on the market at from $15 to $20 per ton, that the French tale 
costs about 25 percent more, and that the Italian talc, which is 
considered the finest grade, brings $35 to $40 per ton. This shows 
that tale is commercially available as a body ingredient wherever 
its use is required or should it become of any considerable value 
in the ceramic industries. It is used extensively in the rubber 
and paint industries and that has thrown it on the market in large 
quantities. 

I have enjoyed Professor Parmelee’s paper. It seems to me that 
it has focused the attention of the Society upon a body constituent 
that promises to be of considerable value, as is evidenced by the 
fact that steatite, talc and soapstone have been used for a consider- 
able time. For instance, at Chattanooga the so-called lava de- 
posits are in reality magnesium silicate and probably of some 
steatite and tale formation. In Germany they make a very con- 
siderable amount of ware that they call steatit, which is undoubt- 
edly a mixture of steatite and clay, and I have seen a number of 
those pieces which were exceedingly tough and heat resistant. 

Professor Parmelee touched upon a number of points, including 
toughness, heat resistance, translucency, vitrification, etc., and it 
is to obtain all of these qualities, if possible, that steatite has been 
used. As you know, the gas tips, to use a similar illustration, are 
exceedingly heat resisting, and we have found in our own expe- 
rience that the use of steatite or tale gives a heat-resisting body. 
At one time we used lava bushings to support the electrodes in 
arc lamps where the heat is not only intense at times, but changes 
abruptly, and finding that the lava was more or less expensive 
we resorted to a composition of our own and not only used tale, 
but we used all tale. That body is about 85 percent tale and 
15 percent precipitated gelatinous magnesium silicate. The use 
of colloidal magnesium silicate gives the proper elasticity and flow, 
so that a body of this sort can be squirted into tubes. 

These tubes become so hard and strong on drying that they 
may be formed into bushings of the desired shape by a screw mach- 
ine operation. You can take those tale tubes, 4 or 5 feet long, 
and run them right through a screw machine operation the same 
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as you could a tube of metal, and such a process is of course very 
much cheaper than any process of moulding. 

In another case, we used about 20 percent of tale along with 
Hammill and Gillespie’s clay and obtained a body which is quite 
heat resistant but not vitrified. It was allowed to remain porous. 
Such a body finds particular use in electrical heating devices, 
where we require a composition which is not only heat-resistant 
but has insulating properties at high temperatures (red heat). 
Some one in this Society (I think Weimar and Dunn) showed 
very nicely the worthlessness of porcelain at temperatures of 300° 
C. for electrical insulation. When porcelain is as hot as 600 or 
700°C. it is not an insulator, it is a conductor and is absolutely 
worthless. I bring this out to show an additional value that can 
be gained from using steatitic or talc bodies. These bushings of 
clay and talc mixtures will stand heating to redness and you can 
immediately plunge them into cold water without cracking. Por- 
celain under the same conditions flies into a thousand pieces. We 
have never made any investigation of the differences occasioned 
by varying the percentage of tale or steatite, but a body that 
contains tale is enormously more heat resistant than porcelain 
and enormously better as an electrical insulator. 

Prof. Parmelee: About using steatite and colloidal magnesium 
silicate for pyrometer tubes—it certainly ought to stand all tem- 
peratures. 

Mr. Barringer: That has also occurred to me; off hand I do not 
see any reason why it should not be used. I know the porcelain 
is very unsatisfactory. The German porcelain tubes are frequently 
broken and have to be replaced at considerable expense. 

Prof. Orton: I would like to ask Mr. Barringer, isn’t it true that 
the Chattanooga ware is turned from blocks of natural mineral? 

Mr. Barringer: It may be made both ways. The natural stone 
cuts easier, with little or no wear on the tools. It was the practice 
to cut it just to the shape they want it and thread it and drill it and 
so on, but when the shapes become intricate, it becomes a matter 
of considerable expense, and while it is satisfactory for standard 
simple shapes, such as cylindrical pieces, it becomes decidedly ex- 
pensive where the piece is irregular or where the piece is of consider- 
able size even if it is of cylindrical shape. There.are veins in the 
natural stone that prevent a great may parts from being perfect. 
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I have burned a block of the lava 8 or 9 inches square in the kiln 
and found a streak right across it that had fused; probably some 
iron bearing mineral, running right through the rock. Very often 
pieces must 4 or 5 inches in either direction and to run into one 
of those veins renders the piece worthless. In addition to that 
process, which they use, as I understand it, for all such small 
work as gas tips, they grind the material and press the dampened 
powder into the desired forms which are then dried and fired as 
with porcelain. 

Prof. Orton: Do you know whether it requires high temperature 
in firing? 

Mr. Barringer: I don’t know what temperature they use. I 
think they add a little silicate of soda to the tale to give it some 
bonding qualities. I imagine they must fire it pretty high, al- 
though I know nothing definite about the firing process. 

Mr. Watts: I would like to ask, at this point, whether anything 
has been done in the way of putting a glaze or a substitute for 
glaze, on any of this ware? You know where you have very much 
magnesium in a body, you get into difficulties in glazing. Did you 
do anything, Mr. Parmelee? 

Prof. Parmelee: We have not been able to complete the glaze 
experiments. 

Mr. Montgomery: I have been very much interested in this paper 
and in the discussion as I have had some experience along the same 
lines, although with porous bodies as just discussed by Mr. Bar 
ringer, rather than with vitrified bodies. 

First, in regard to the test to which -Professor Parmelee sub- 
jected his trials, I might suggest that he would have greater success 
in breaking them if he would use a change in temperature from the 
red heat to that of a cold air blast. In testing the resistance of 
gas mantle rings and pyrometer tubes to sudden changes of tem- 
perature, I have found this test to be much more intensive than 
cooling in water and much more satisfactory especially with porous 
bodies, which of course absorb some water. 

I would also like to add to what Mr. Barringer has just said 
that my experince with the use of tale in porous bodies has been 
similar to his. I have developed a very satisfactory gas mantle 
ring body which is resistant to sudden temperature changes by 
the use of 15 to 20 percent of white tale in a wholly clay body. 


STUDY OF SOME CALCAREOUS AND MAGNESIAN 
SLAGS! 


A. FUSION STUDIES 


BY A. V. BLEININGER, G. H, BROWN, AND C. S. KINNISON 
PITTSBURGH, PA. 


This paper is presented in two parts, one dealing with the melt- 
ing of certain slags, by the authors, the other with the constitu- 
tion of these materials, based upon microscopic examination, by 
Mr. A. A. Klein. 

The work was undertaken for the purpose of studying calca- 
reous and magnesian slags of the more acid type with reference to 
their possible utilization in the manufacture of building and pav- 
' ing bricks from clays and limestone or other calcareous materials 
in localities where no desirable shales or good building stone are 
available. The idea in mind was the production of such slag 
products not as a by-product in the manufacture of iron, but as 
an independent industry, endeavoring to use combinations of the 
raw materials available, which will result in slags readily poured 
and possessing the required physical properties. It would be nec- 
essary then to construct a furnace for the economical fusion of 
the slag, devices and machinery for molding the blocks and a suit- 
able annealing kiln. 

As a basis for the beginning of this study a knowledge of the 
melting range of clay and high calcium or magnesian limestone 
mixtures was necessary. It is obvious that deformation points 
offer the only criterion for the estimation of the fusion interval of 
such slags. The clay used as the starting point of the series was 
shale from Canton, Ohio. Two limestones were employed one of 
the high calcium, the other of the dolomitic type. The analyses 
of these three materials are as follows. 





1 By permission of Director, Bureau of Standards. 
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HIGH CALCIUM 

















SHALE STONE DOLOMITE 
percent percent percent 
DU1Caikecwck Ook Hee ae ee 59.72 OF32458 0.46 
AlUming. 63.) sanc5s ok eee 19.28 0.23 
Ferricioxide?...> cae ee 7.99 0.08 0.13 
Lames er ieee ee eee ire iewt 55 .40 30 .28 
Miaonnes Bi i. 0) Aah aia nae eee ee 1 ie 0.76 21 .74 
SOG a Salutes 2 eae an ae ae 0.47 
Potashvices hie ee ee es eee 3.06 
Loss "on denition 4 of eee 6 .96 43.79 47 .44 
Total. Vacs cent te eae eee Bane 100 .46 100.35 100 .28 





The preliminary work consisted in determining (a) the defor- 
mation points of shale—high calcium stone; (b) of shale—magne- 
sium carbonate; (c) shale—dolomite mixtures, and (d) the effect 
of variations in silica, alumina, lime and iron oxide. 

a. According to the customary practice cones were made up 
from the mixtures of the two materials, prepared by screening 
through the 40-mesh sieve. It was thought desirable to refrain 
from grinding the material too fine in order to approach more 
closely the conditions of practice. ‘The cones were caused to go 
down in a large test kiln, the temperature being advanced at the 
rate of 163°C. per hour. The results are given in the diagram of 
Figure 1. From this curve it is evident that the deformation points 
do not show a regular sequence. This must be ascribed to the 
coarse grinding of the materials. The maximum between 28 and 
34 percent of limestone is doubtful. The most easily fusing mix- 
tures, about 34-36 percent of limestone show a softening tempera- 
ture of approximately 1085°C. Beyond this point the fusion tem- 
peratures rise rapidly. In all subsequent work of this kind the 
materials were ground, dry, in the ball mill so that all of the pow- 
der passed the 100-mesh sieve. 

b. The deformation points of the finely ground shale-magnesium 
carbonate mixtures were obtained in a similar manner to those 
of the preceding series. The precipitated carbonate used was 
found to contain 88.77 percent of MgCO;. From the diagram of 
Figure 2 it is noted that the eutectic mixture corresponds to 10 
percent magnesium carbonate, with a deformation temperature 
of 1165°C. 
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c. The deformation temperatures of the shale-dolomite series 
are given in Figure 3 where the eutectic mixture contains 20 per- 
cent of dolomite and the softening temperature is 1170°C. 

d. For the purpose of determining the effect of variations in the 
silica-alumina and in the lime-ferric oxide ratios a series of com- 
positions embracing 36 members was prepared from North Caro- 
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lina kaolin, flint, whiting and ferric oxide. In these slags the 
molecular silica-alumina ratios were varied as follows: 4 :1, 5:1, 
6:1, 7:1, 8:1, 9:1. Expressed in terms, by weight, these ratios 
become 2.35:1, 2.94:1, 3.53:1, 4.1:1,.4.7:1, 5.29:1. The ratios 
by weight of calcium carbonate to ferric oxide were as follows: 
3:1, 4:1, 5:1, 6:1, 7:1, 8:1. Each series of constant SiO2: Al.O; 


\ 
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ratio thus consisted of 6 members with varying proportions of 
CaCO3: Fe.O3, the sum of which was kept constant at 36 percent. 

Small cones were again made up from these mixtures and their 
deformation point noted in a platinum resistance furnace. The 
rate of heating employed was 20°C. per minute up to 900°, 10° 
from 900 to 1100°, and 5° from 1100° to the deformation point. It 
is to be expected that these values are higher than would be ob- 
tained in a large kiln with a lower rate of firing. 

The compositions of the slags, based on the chemical analysis 
of the materials, made during the progress of the work and ex- 
pressed in empirical formulae together with the softening tempera- 
tures are compiled in Table I. 

These results are shown graphically in Figures 4,5 and 6. From 
these it appears that decrease in alumina results in increased fusi- 
bility, the lowest deformation temperature, 1160°, is reached with 
a molecular silica-alumina ratio of 7:1. Further reductions in 
alumina do not seem to bring about any decided changes. It is 
to be expected that with still smaller amounts of Al,O3 the soft- 
ening temperatures will tend to become higher. As to the CaCQs: 
Fe,O3 ratios of the lowest melting member of each series it is 
noted that the ratio becomes smaller as the acidity increases. 
More iron oxide thus enters into the eutectic mixtures as the 
proportion of silica becomes larger. While for the 48i0, 1 Al,O3 
series the ratio of CaCOs: Fe.03 is 31:5, corresponding to a cal- 
- clum carbonate content of 6.2 times the amount of ferric oxide 
it becomes 29:7 = 4.14 with 7 SiO. and 4.07 with 9 SiO... This 
relation is interesting as it applies also to iron carrying, calcar- 
eous clays in general. Slag No. 20, also was of interest owing to 
the fact that its fusion appeared to take place very suddenly and 
accompanied by decided fluidity. 

A knowledge of the most easily fusing slags by no means solves 
the problem at hand. It is just as essential if not more so to 
know the fluidity of the various slags at the available furnace tem- 
peratures and their tendency to produce a stony or crystalline 
structure. This part of the work was attacked by melting batches 
of the different slags and pouring them in iron molds. Mixtures 
of the shale and limestone or dolomite were prepared by grinding 
in a ball mill to pass the 80-mesh sieve. These were fused in 
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TABLE I 
SERIES No. | CaO | KO | MgO | AlOs | FexOs | SiOz | ,SORTENING | 
deg. C. 
(| 1 | 0.982] 0.007) 0.011) 0.589) 0.215) 2.51 1280 
|| 2 | 0.983) 0.007) 0.010) 0.555) 0.176) 2.36°| 1275 
rm }} 3 | 0.983] 0.007| 0.010; 0.531) 0.131) 2.26 1272 
io Ste ee toes || 4 | 0.984) 0.006) 0.010) 0.518} 0.112) 2.20 1267 
|| .5 | 0.984) 0.006 0.010, 0.508) 0.096) 2.16 1288 
[| 6 | 0.984) 0.006] 0.010, 0.500, 0.085] 2.13 1275 
{| 7 | 0.983} 0.007] 0.010) 0.512) 0.216) 2.71 1230 
|| 8 | 0.984) 0.006) 0.009) 0.483) 0.176) 2.56 1225 
B J} 9 | 0.985) 0.006) 0.009] 0.461) 0.129 2.44 1220 
Bs "|| 10 | 0.984} 0.006) 0.009) 0.449) 0.111) 2.37 1225 
|| 11 | 0.984) 0.006) 0.010 0.439) 0.096) 2.32 1240 
[| 12 | 0.985) 0.006) 0.010) 0.433) 0.085) 2.29 1230 
(} 13 | 0.985) 0.006] 0.008) 0.451) 0.214) 2.86 1198 
|| 14 | 0.986) 0.005) 0.008) 0.422) 0.175) 2.68 1192 
C 15 | 0.986 0.005) 0.008) 0.406 0.131) 2.58 1196 
i 16 | 0.986) 0.005} 0.008) 0.395 0.110, 2.51 1190 
17 | 0.986} 0.005] 0.009] 0.387, 0.095) 2.48 1190 
18 | 0.986] 0.005] 0.009} 0.381) 0.086) 2.42 1193 
(| 19 | 0.986) 0.005} 0.008) 0.404) 0.213, 2.98 1197 
20 | 0.987] 0.005) 0.008) 0.379) 0.176) 2.79 1160 
D }} 21 | 0.988) 0.005) 0.007} 0.364) 0.131) 2.69 1166 
a aa 22, | 0.988} 0.005) 0.007} 0.355) 0.111) 2.62 1168 
23 | 0.988) 0.005) 0.007; 0.347, 0.095) 2.56 1187 
24 | 0.988) 0.005) 0.007| 0.342) 0.084) 2.52 1190 
[| 25 | 0.987) 0.005] 0.008] 0.367 0.214) 3.08 1185 
26 | 0.988} 0.005) 0.007| 0.344 0.174) 2.89 1170 
i 27 | 0.988| 0.005) 0.007) 0.330) 0.180) 2.77 1180 
a 28 | 0.988} 0.005) 0.007: 0.322; 0.110] 2.70 1185 
29 | 0.988} 0.005) 0.007| 0.316 0.095] 2.65 1195 
|| 30 | 0.988} 0.005} 0.007; 0.311| 0.085) 2.61 1198 
(| 31 | 0.988) 0.004} 0.008 0.335] 0.214) 3.16 1180 
32 | 0.988) 0.004) 0.008) 0.315) 0.173) .2.97 1168 
r 33 | 0.988) 0.004! 0.008) 0.301) 0.130} 2.84 1180 
eS 34 | 0.989) 0.004) 0.007| 0.294 0.109) 2.77 1185 
35 | 0.989] 0.004) 0.007) 0.288! 0.095) 2.71 1197 
[| 36 | 0.989) 0.004} 0.007) 0.284) 0.083) 2.68 1195 





large Battersea crucibles, size L, and poured in iron, two part gang 
molds, ‘forming cylindrical pieces having a volume of 2 cubic 
inches. The molds were previously heated to redness and after 
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pouring covered with red hot sand to msure slow coolmg. The 
composition ranged from 36 percent to 64 percent limestone and 
dolomite respectively. The effect of annealing was studied by 
heating the cooled slag cylinders im a large test kiln to the desired 
temperatures for two hours. The results of this work are given 
in the following paragraphs. 

Number 1,36 percent limestone, 64 percent shale. The furmace 
temperature was raised to 1300° and held there for twenty mmutes 
when the slag was poured into the heated molds. The slag was 
black and glassy and the pieces free from bubbles. The fluidity was 
sufficient to fill the molds well but not as satisfactory as might 
be desired. In annealing at 900°C. the slag showed decided soft- 
ening and deformation. A few scattered crysials were observed, 
but the glassy structure was retained. The same results were 
obtained at 850° and 800°. It was not found safe to heat the 
material above 800° owing to the deformation of the pieces. 

Number 2, 40 percent limestone, 60 percent shale. A black 
glassy and somewhat brittle slag was obtaimed by pourme im the 
heated molds. No evidence of vesicular structure. The fuidity 
was about the same as for No. I. Annealing at 850° and 800° 
brought about no crystallization. Deformation due io softenmg 
occurred at 850°. 

Number 3, 44 percent limestone, 56 percent shale. Fused at 
1300°. Slag black and glassy bui showed a marked mprovement 
in fluidity. The cylinders were brittle and broke readily upon 
removing from the mold. Upon annealing at 850° and 800° the 
glassy structure was retaied. 

Number 4, 48 percent limestone, 52 percent shale. Fused at 
1300°, the slag showed excellent fluidity. It was black and glassy 
and very brittle upon removing from the molds. Annealing ait 
800° and 850° failed to produce a erystallme structure. Anneal- 
ing was limited to 850° owing to softemmg as was the case with 
the other slags. 

Number 5, 52 percent lnmestone, 48 percent shale. Fused at 
1300°. Slag black, glassy and dense. Quite britile on removing 
from molds. Pourmg quality excellmt. Annealing at 800° and 
850° failed to produce crystalline structure. Some deformaiion at 
850°. he 
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Number 6, 56 percent limestone, 44 percent shale. Fused at 
1300°, and poured in hot molds as before. Fluidity ‘excellent. 
The test pieces possessed a drab color and showed evidence of 
crystallization. A thin glassy coating was observed in the cyl- 
inders due to chilling in pouring. The brittle character of the 
slag was greatly reduced. Upon annealing at 800° and 850° the 
drab color changed to a reddish brown. ‘The annealed pieces 
were very tough and homogeneous in structure. No deformation 
occurred at 850°. 

Number 7, 60 percent limestone, 40 percent shale. Fused at 
1330° but owing to segregation in the crucible, part of the batch 
formed a dense black glass and part a yellow tough body. 

Number 8, 64 percent limestone, 36 percent shale. Fused at 
1360°. The fluidity was satisfactory for pouring, but not quite 
as good as that of slags 3, 4 and 5. The specimens showed a 
gray, stony structure and great toughness and hardness. Crys- 
tallization was well developed. Glassy inclusigns were scattered 
throughout the mass which did not disappear upon annealing at 
800° and 850°. It is felt that the glassy material is due to solu- 
tion of the crucible material and chilling in contact with the mold. 

Number 9, 40 percent dolomite, 60 percent shale. Fused at 
1300° and poured in heated mold. The cooled slag was dense, 
black, brittle and glassy. The fluidity was excellent. Annealing 
at 700°, 750°, 800°, 850° and 900° did not destroy the original 
glassy structure. No tendency to soften was observed at 850°. 

Number 10, 44 percent dolomite, 56 percent shale. Fused at 
1300°. Fluidity was excellent and superior to that of the lime 
slag of the same proportions. The slag was black, dense, but not 
uniformly glassy, the surfaces being opaque. 

Upon annealing at 750°, 800° and 860° the original glassy struc- 
ture was retained. At 900° a grayish green, crystalline structure, 
though not very pronounced, was obtained. This slag appears 
to be ‘more resistant to deformation at the above temperatures 
than slag No. 3 of the limestone series. 

Number 11, 48 percent dolomite, 52 percent shale. Fused at 
1320°. Fluidity excellent. The slag was black, dense and partly 
glassy, partly opaque. Annealing at 900° produced a grayish 
green structure, very hard and tough, though crystallization was 
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not very pronounced. Lower temperatures of annealing brought 
about no change. No deformation noted at 900°. 

Number 12, 52 percent dolomite, 48 percent shale. Fused at 
1320°. Fluidity excellent. The slag was black, opaque, and 
possessed good toughness. Glassy structure no longer in evidence. 
Annealing at 750°, 800° and 860° brought about no change. At 
900° a greenish yellow crystalline structure was developed, ac- 
companied by good strength and toughness. Crystallization more 
pronounced than in Nos. 11 and12. No deformation was observed 
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Number 13, 56 percent dolomite, 44 percent shale. Fused at 
1320°. Slag black, dense, opaque, and showed good toughness. 
Fluidity very satisfactory. Annealed at 900° the slag is similar 
to No. 12. Good strength and toughness seemed to be possessed 
by the annealed slag. 

Number 15, 64 percent dolomite, 36 percent shale. Fused at 
1350°. Fluidity excellent. The slag was dark, dense, hard and 
showed a stony structure. Annealing at 900° produced a green- 
ish gray structure and the slags had all the indications of good 
strength. 

The slags obtained were analyzed, the results being compiled in 
Table IT. 
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Samples of the slags were also taken, ground, and sieved through 
the 50-mesh screen, rejecting all material finer that 60-mesh. A 
uniform size of grain, corresponding to the range between the 50- 
and 60-mesh sieves was thus obtained. ‘Two gram samples were 
then weighed out and boiled in a large excess of 10 percent acetic 
acid solution. The residues were then treated with a hot sodium 
carbonate solution, finally washed with hot water, ignited and 
weighed. The results obtained are given in Table ITI. 

In the case of slag No. 7 two samples were prepared, one, marked 
7, from the crystalline and 7c from the glassy portion. It is ob-. 
served that the same slag in the crystalline state is decidedly 
more insoluble than when present as a glass. This, of course, 



































TABLE Il 
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agrees with theoretical considerations. The values thus obtained | 
cannot, in the nature of the case, be expected to result in close 
correlation owing to variations in composition within the same 
batch and especially because of the differences in structure, which 
were referred to above. However, the evidence tends to show 
clearly that it is possible to produce slags quite resistant to the 
attacks of acids and hence to chemical, atmospheric influences.. 

It was thought desirable to determine the deformation tempera- 
tures of the fused slags by chipping off small fragments and caus- 
ing them to go down in a platinum resistance furnace. That these 
temperatures can have no exact meaning is evident, since these 
slags show softening at temperatures as low as 800°. The frag- 
ments used were approximately of the same size and shape. The 
rate of heating was 20° per minute up to 900° and 2.5° per minute 
from this temperature to the temperature of total deformation. 


“ 
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The softening points thus determined hold only for this rate of 
heating and would be higher upon faster and lower with slow fir- 
‘ing. The results are given in Table IV. 

To complete this investigation there remains yet to be carried 
out the fusion of larger quantities of the most promising slags and 
the pouring of specimens of sufficient size for the determination 
of hardness and toughness. This requires additional apparatus 
now being supplied. 


TABLE IV 











NO.OFSLAG| ineronm | PERCENT SHALE | DOr One TUMPERATORE 

deg. C. 
1 36 . 64 1180 
2 40 60 1195 
3 44 56 1195 
4 AS 52 1210 
5 52 | 48 1235 
6 56 44 1255 
6A 58 42 1275 
7 60 aT) | 1270 
8 64 36 | 1300 
9 60 40 | 1225 
10 56 44 | 1235 
11 62 AG rouse 1240 
12 48 52 1240 
13 44 56 1240 
14. 40 60 1290 
15 36 (er 1295 

















In conclusion, it has been shown that suitable compositions 
should contain not less lime than is represented by that of slag 
No. 6, made up from 56 percent limestone and 44 percent of shale, 
or that corresponding to slag No. 12, composed of 52 percent dolo- 
mite and 48 percent shale. It has been shown that the limestone 
slags possess a far wider softening range than the dolomitic com- 
positions and hence are more subject to deformation in annealing, 
though this difficulty disappears with the higher lime contents, 56 
percent stone and above. The dolomitic slags as a class show 
greater fluidity, crystallize more readily and seem to be superior 
in hardness and toughness. These facts are of interest since 
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large quantities of magnesian limestone are available in different 
states and are not to be considered in connection with other uses 
such as the manufacture of Portland cement. It goes without 
saying that impure stones, rejected for lime making, are as useful 
for this industrial application as the purer material. 


B. THE CONSTITUTION OF LIMESTONE-SHALE AND DOLOMITE- 
SHALE SLAGS 


A. A. KLEIN, PITTSBURGH, PA.” 


The subject of slags has interested the chemist, metallurgist 
and mineralogist for many years. It was through the study of 
these that many deductions were made concerning the crystalli- 
zation of minerals in igneous rocks. Vogt? was among the first 
to attack this problem and worked in the beginning with arti- 
ficial slags. Among the minerals noted by him were olivine, fayal- 
ite, monoclinic and rhombic pyroxenes, lime-feldspars, melilites, 
spinels, magnetite, apatite, etc. These compounds, with the ex- 
ception of a few which are rare or unknown in nature, are the ordi- 
nary constituents of igneous rocks. Vogt found that quartz, the 
alkali feldspars, muscovite and hornblende do not occur in slags 
and there is good reason to believe they cannot be crystallized 
from a melt containing no water or other fluxes. Some of the 
investigators busied themselves with blast furnace slags, Bessemer 
slag, slags from zinc, lead and copper furnaces. Among those who 
worked on various phases of this (the silicate) problem are Aker- 
man, Doelter, and the Geophysical Laboratory of Washington, etc. 

The present investigation was carried out in connection with 
the development of an annealed slag brick. In this work natur- 
ally the technical features of the investigation were given more 
consideration than those relating to the theoretical side of the 
subject. 





2 By permission of the Director, Bureau of Standards. 

3 Of Vogt’s earlier works on slags the most important are ‘“‘Studier over Slagger,”’ Bihangtil 
K. Svenska Vet. Akad. Handl., Vol. TX (1884); ‘‘Om Slaggers . . . .” Jernkontorets An- 
naler (1885); ‘‘ Die Silikatschmelzlésungen, I, II, Vidensk-Selsk. Skrifter,’’ Math.-naturv.-Klasse. 
(1903) No. 8, and (1904) No. 1. For a summary of the foregoing see ‘‘Die Theorie der Silikat- 
schmelzlésungen,”’ Ber. des V. Intern. Kongr. Angew. Chemie zu Berlin (1903), Sekt. III, A, vol. 
II, pp. 70-90. 
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Two series of slags were made, one consisting of a mixture of 
limestone and shale, the other containing dolomite and shale. 

The method of preparation in brief was as follows. The mix- 
ture of the raw materials in the desired amounts was heated up 
to melting, poured into iron molds which were then banked with 
red hot sand to insure slow cooling. After cooling, part of the 
slags were placed in a furnace and annealed at 800°C (lime-shale 
series) and at 900°C. (dolomite-shale series) for two hours. 

The petrographic analyses were made with grains, using the 
methods employed at the Geophysical Laboratory.t| No thin 
sections were made as the structure was fine enough to be clearly 
shown on small grains. 


LIME—SLAG SERIES 


The chemical analyses of the raw materials and finished slag 
in this series are tabulated in Table IT of part A, Nos. 4 to 8 inclusive. 

Slags Nos. 4 and 5 megascopically were black opaque in thicker 
sections and green translucent when thinner. They resembled 
the rock, obsidian, greatly, showing a high vitreous luster, con- 
choidal fracture and were very brittle. Under the microscope 
they were colorless, isotropic and showed absolutely no begin- 
nings of crystallization. The index of refraction of No. 4 was 


. 1.6386 = 0.002 and of No. 5 was 1.640 + 0.002. 


Beginning with No. 6, the slags of this series showed more or 
less crystallization. As to to be expected the unannealed slags 
showed a great preponderance of glass. Annealing had the effect 
of decreasing its quantity to quite an extent and increasing the 
crystallization. In most cases the number of crystallization cen- 
ters was increased considerably while the actual size of the crystals 
_was affected to a less degree. 

_ The crystallites in the unannealed slabs took on very interesting 

forms. They occurred as aggregates of slender fibers, some of 
which radiated from a common center (radialites), others arranged 
themselves like the ribs of a fan (dendritic); still others were in 
the shape of plumes. The individuals were exceedingly small and 
an adequate optical examination was oftentimes impossible, ex- 
cept on those crystallites with more advanced development. 


4 Jour. Ind. Eng. Chem. 3, No. 4, 26-381. 
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The unannealed slags, Nos. 6, 7 and 8, were olive green in 
color and contained black streaks of glass; No. 6 showed a fine 
grained stony structure; Nos. 7 and 8 showed a coarser grained 
structure. In No. 8, due to conditions of cooling alternative lam- 


- ellae of crystalline material and glass were noted. The fracture 


in each case was conchoidal and uneven tending toward the former 
in No. 6 and 7 and toward the latter in No. 8. 

Under the microscope No. 6 (unannealed) consisted mainly of 
glass (with an index of refraction of 1.651 + 0.002) containing 
radialites, dendritic and plume shaped aggregates, of which the 
individuals were prismatic in development. The latter showed a 
fairly low double-refraction (gray to yellowish red of the first 
order being noted) and a mean index = 1.625. It was biaxial 
and the character of the double refraction was negative. Cleavage 
was noted in a few instances and the substance showed an in- 
clined extinction with a small extinction angle. This is the min- 
eral wollastonite (CaO.Si0.2). 

Number 7 (unannealed) showed less glass than No. 6 and con- 
tained much more crystalline material, the individual crystallites 
being also larger. However the aggregates show the same gen- 
eral structure. Wollastonite was observed but in addition to this 
were noted a few small low doubly refracting crystallites tending 
toward a square cross-section. ‘They were too small for obtaining 
an interference figure, but showed a negative principal zone and 
a mean index of refraction equal to 1.66. The observed proper- 
ties correspond closely with those of the mineral gehlenite. Ac- 
cording to Dana’s System (p. 476) the formula of gehlenite is 3 
CaO.AlO3.28102. The Geophysical Laboratory, in their work on 
the ternary system CaQ-Si0.-Al,O3, have identified a synthetic 
compound 2CaQO.Al,03.S102 resembling gehlenite very closely in 
crystallization and optical properties.>. The difference in compo- 
sition may be due to either foreign materia] inthe mineral analyzed, 
solid solution, or even both. 

Number 8 (unannealed) showed much less glass than No. 7 
(unannealed). The constituents were the same, but the amount 
of gehlenite had increased considerably and larger sized crystals 


’ Jour. Ind. Eng. Chem. 3, (April, 1911). 
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were noted. Interference figures obtained on these showed a uni- 
axial figure with the character of the double refraction negative, 
which again agrees with the mineral gehlenite. 

Number 6 (annealed) showed a stony structure, brownish in 
color near the surface and a more coarse grained structure as the 
center of the specimen was approached, due to the slower cooling. 
The cleavage of the outer part was conchoidal, that of the inner 
part uneven. Under the microscope it still showed glass, but the 
quantity was much less than in the unannealed specimen. The 
number of crystallites increased greatly, the size had increased 
in general, but to a lesser degree. Radialites, dendritic and plume- 
shaped aggregates were still found, but the tendency was for 
crystals to intergrow irregularly. Wollastonite was found in 
prismatic crystallites and gehelenite was also observed here in a 
small amount. Very fine grained aggregates of a low doubly re- 
fracting material showing a mean index of about 1.58 were noted. 
They had the appearance of the beginning of crystallization of a 
basic plagioclase (near the composition of anorthite). It could 
not be more accurately identified and occurred only in a small 
amount. 

Number 7 (annealed) was brownish in color, showed a coarser 
grained texture on the whole than No. 6, but it contained dark 
seams of glass. Under the microscope it showed the same struc- 
ture as No. 6 and contained less glass. Wollastonite was observed 
also in lesser amounts, while gehlenite had increased somewhat. 
Careful search did not reveal any basic plagioclase. 


DOLOMITE—SHALE SERIES 


The analyses of these slags are given in Table II, part A, Nos. 
Nos. 9-15. 

Of the unannealed slags No. 9 was the only one which showed 
no signs of crystallization. Black opaque in thicker specimens, 
green translucent in thinner ones, it showed a high vitreous luster 
a conchoidal fracture resembling obsidian. Under the micro- 
scope it was colorless, isotropic and had a refractive index, of 
1.607 + 0.002. 

The remaining unannealed slags of this series showed more or 
less crystallization. The more basic the slag the less vitreous it 
appeared. 


566 STUDY OF CALCAREOUS AND MAGNESIAN SLAGS 


Number 10 (unannealed) was black to greenish black in color, 
showed devitrified spots (indicating crystallization) and a con- 
choidal fracture. Under the microscope it consisted mainly of 
glass with a refractive index equal to 1.611 + 0.002 containing 
dendritic aggregates of crystallites. These were of two kinds, 
long acicular crystallites, having a low double refraction (low gray 
and white interference color) and a mean index of 1.57 += 0.005. 
This*‘compound has the optical properties of a plagioclase with a 
composition in the neighborhood of anorthite (CaO.Al,03.28102). 
There were also noted crystallites showing prismatic development. 
A few cleavage cracks were observed parallel to the prism axes. 
This compound was low doubly refracting, the maximum inter- 
ference color being white of first order. It showed parallel ex- 
tinction, had a mean index equal to 1.670 + 0.004, and was biaxial 
with a positive optical character. ‘These optical properties agree 
very closely with that of the mineral enstatite (MgFe)SiO3, the 
higher index of refraction indicating the presence of FeO in the 
compound. 

Number 11 (unannealed) resembled No. 10 (unannealed) in 
appearance, both megascopically and microscopically. A smaller 
amount of glass with an index equal to 1.614 + 0.002) was noted, 
and the crystallites of enstatite were somewhat larger in size. 
Anorthite was also noted. 

While No. 12 (unannealed) resembled the more acid slags in 
appearance the crystallization proceededfarther. Theglass, which 
was still by far the predominating constituent, had an index of 
refraction equal to 1.619 + 0.002. The crystallites of feldspar 
and enstatite were noted, but the former appeared to be disap- 
pearing. In addition, a few small rounded grains were observed 
showing second order interference colors, with a mean index equal 
to 1.67. These seemed to be the mineral olivine [2 (Mg,Fe)O,SiO.] 
although they were tog small to obtain more optical data. 

Number 13 (unannealed) was greenish black in color and 
showed a stony crystalline structure with a conchoidal fracture. 
Under the microscope a more advanced crystallization was noted 
than in No. 12, the constituents were the same, but the compound 
identified as olivine grew both in development and quantity. In- 
terference figures obtained were biaxial with the character of the 
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birefringence positive, showing conclusively that this eae 
was olivine. 

Number 14 (unannealed) resembled No. 14 megascopically. 
Under the microscope tkere was less glass noted than in No. 13, 
and the olivine crystals were well developed and plentiful. In 
addition were noted small crystals with square cross-section and 
sometimes showing prismatic development. They had a low 
double refraction, a mean index equal to 1.66 and were uniaxial 
negative. These optical Peete agree very closely with those 
of the mineral gehlenite. 

Of the annealed slags of this series No. 9 showed the least crys- 
tallization. It had the appearance of an obsidian with a thin 
external coating showing irridescence. Under the microscope the 
. Interior was a glass while the irridescent coating showed the be- 
ginnings of crystallization in the nature of fibrous aggregates of 
crystallites whose identity could not be definitely established. 
They were colored yellowish which would seem to madicate a& seg- 
regation of iron. 

In the remainder of the annealed slags of this series the amount 
of glass was less than that of the unannealed slags, while the 
amount of crystalline material increased, but as in the case of the 
lime series the size of the individual crystals increased, but to a 
lesser degree. While radialities, dendritic and plume-shaped ag- 
_gregates were noted the tendency on annealing was for the forma- 
tion of irregular intergrowths without any definite orientation. 

Number 10 (annealed) was greenish in color, had a dense stony 
structure and a conchoidal fracture. Microscopic examination re- 
vealed, besides glass, long prismatic crystallites of plagioclase 
which from their mean index of refraction, 1.57, medium low bire- 
_ fringence, biaxial interference figure, negative optical character and 
large extinction angle pointed to a composition in the neighborhood 
of anorthite. Iron bearing enstatite was also observed. In addi- 
tion there was noted a third type, augite, showing prismatic 
development, fairly high double refraction, inclined extinction, 
large extinction angle, mean index equal to 1.72, biaxial interfer- 
ence with positive optical character. This was present in small 
quantities. 

Number 11 (annealed) was greenish in color, iridescent in 
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spots, had a glassy to stony structure and a conchoidal fracture. 
It contained, besides glass, crystals of enstatite which were 
larger than those observed before, also augite showing fairly good 
prismatic development. The basic plagioclase was most poorly 
developed and was much intergrown. 

Number 12 (annealed) was for the most part greenish in color, 
now and then black, glassy irregular veins were observed. It was 
dense, stony and showed a conchoidal fracture. It contained less 
glass than did No. 11 (annealed), well developed crystals of en- 
statite and augite and intergrown crystallites of plagioclase. 
There were also noted a few crystals of olivine, showing character- 
istic prismatic form. They had a medium high birefringence, a 
mean index of refraction equal to 1.67, parallel extinction, biaxial 
figure with positive optical character. Accurate double refrac- 
tion measurements on a crystallite orientated parallel to (001) 
gave y — a = .026 + .008, which is somewhat lower than that of 
olivine and would seem to indicate a chemical composition be- 
tween olivine and monticellite (CaO.MgO.Si0,). 

Number 13 (annealed) megascopically appeared to be identical 
with No. 12 (annealed). Microscopically it showed less glass, 
more augite and more olivine than No. 12. It contained very 
few plagioclase crystallites and little enstatite. In addition were 
noted a few uniaxial negative grains of gehlenite showing weak 
double refraction and a mean index equal to 1.66. 

Number 15 (annealed) was yellowish green in color on the sur- 
face and grayish in the interior. It possessed a dense, stony 
structure and a fracture which was conchoidal to uneven. Under 
the microscope it revealed a small amount of glass, considerable 
olivine, an increase in the gehlenite content over No.13 (annealed). 
Augite was also noted, but neither anorthite nor enstatite could 
be definitely found. 3 

It is interesting to note that garnet was not observed in the 
lime-shale series, agreeing with the observations of Vogt® who 
reports that it has been found only once or twice in slags. Spinel 
was absent from the dolomite-shale slags, the percent of AJ2O; 
probably being too low. _ 





§ Handbuch der Mineralchemie von Doelter 4, p. 933. 
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It was not deemed advisable to obtain the indices of refraction 
of all the glasses, but those taken indicated that the greater the 
basicity the higher the index. This agrees with the results of 
Tillotson,’ although the soda lime glasses he examined were more 
acid in character and not aluminous. The glasses of the dolomitic 
slags showed also slightly lower indices than the glasses of the 
corresponding lime slags. 

The more basic the slag (in these series) the more was the ten- 
dency toward crystallization. Annealing reduced the content of 
glass and increased the crystallization. In general the basic slags 
of the limestone series were coarser grained than the corresponding 
dolomitic slags. 


DISCUSSION 


Mr. Stull: In some work that is being done now in an attempt 
to produce cheap glasses, we have been doing some work along 
this line, a work that was started about two years ago. The work 
consists in obtaining the eutectic between a clay and whiting and 
a eutectic between sand and clay then obtaining the eutectic of 
those two. We have succeeded in getting some very beautiful 
glasses and certain glazes and mats much more famous than the 
famous Albany slip or Michigan slip and much cheaper. We have 
tried surface clays, shales and numbers of fire clays and are try- 
ing others now. 

Mr. Purdy: I would just like to ask for information on the 
possible suggestion that paving bricks may be made by casting 
from melts, artificially made—would there be any commercial pos- 
sibility of that? 

Mr. Bleininger: That is what we are considering. 

Mr. Purdy: Making your own melts, not depending on slags. 

Mr. Bleininger: Exactly so; you could use slags if you had them 
available. 


7 Jour. Ind. Eng. Chem. 4, 246-9 (April 1912). 


THE TEMPERATURE-POROSITY RELATION OF A CLAY 
PREPARED IN THE PLASTIC AND IN THE MOIST 
CONDITION 


BY A. V. BLEININGER, P{TTSBURGH, PA.! 


In determining the porosity-temperature relations of a clay, the 
initial physical condition is of considerable importance as regards 
the course of the curve. ‘The information to be derived from such 
a test is for this reason bound to be influenced to a greater or less 
extent by the size of grain, method of molding, etc. In order to 
illustrate the extreme limits possible in such work, the following 
short experiment was made. A lot of Canton, Ohio, shale, well- 
known for its safe vitrifying properties, was thoroughly mixed in 
the dry, ground state so that it truly represented a uniform sample. 
Part of this material was made up unto brickettes in the plastic 
state, part was dry-pressed in the moist condition, containing about 
9 percent of water. The specimens made from the plastic clay 
weighed about 80 grams when burned, the dry-pressed trials about 
40 grams. All of the dried brickettes were placed in the kiln close 
together and fired at the rate of 20°C. per hour. After burning, 
the usual absorption and porosity determinations were made. The 
results are shown graphically in the accompanying diagram. As 
is to be expected,:the initial porosity of the dry-pressed body is 
considerably higher than that of the shale molded in the plastic 
state. Starting with 22.8 and 16.8 percent porosity, respectively, 
the contraction of both kinds of specimens proceeds fairly uniformly 
and progressively down to about 3 percent. At this point the con- 
traction of the plastic body slows up. All along the two curves 
however points of equal porosity are separated by a considerable 
temperature interval, which becomes greater as the 3 percent line 
is approached. Thus a porosity of 6 percent is reached by the 
plastic molded body at 1100°, by the dry-pressed body at 1188°. 
Similarly, 3 percent porosity is obtained in the first case at 1111°, 
in the second at 1159°. Within the temperature limits employed 
the condition of non-absorption is not reached at all by the dry- 





1 By permission of the Director, Bureau of Standards. 
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ie TEMPERATURE-POROSITY RELATION OF CLAY 


- pressed body, while the plastic molded clay not only becomes 
impervious but even decidedly overburned at 1170°. 

Here we have a case where the influence of physical factors is 
shown most prominently. The identical body presents an entirely 
different behavior according to whether it is made up in the plastic 
or the dry-pressed condition. At the same time the well-known 
practical observation that dust-pressed clays require a higher 
maturing temperature is confirmed. If the two conditions of 
preparation were not known, the two curves would be considered 
to represent two clays of varying behavior. 


ee 


USE OF THE CASTING PROCESS FOR LARGE CLAY WARES 
BY C.'J. KIRK, NEW CASTLE, PA.., 


The process of casting sanitary earthenware is new. Somefour 
years ago, on account of the difficulty in securing competent work- 
men in the sanitary pottery line and the stringent rules of the union 
in regard to apprentices preventing us making our own, we de- 
cided to try out the casting method for making plumbers’ earthen- 
ware. We had heard that it was being done successfully in Eng- 
land and corresponded with parties there who claimed a patent on 
the mix. After some negotiations, they sent a representative here 
and we agreed, if their patent was a valid one, to use their process 
and pay them a royalty. On investigation we found that the 
patent covered the using of certain proportions of silicate of soda 
and carbonate of soda in the slip. Some friends in England looked 
into the matter for us, and they reported that soda ash or most any 
preparation of soda could be substituted for the carbonate and 
that none of the manufacturers in England were paying any 
royalty and were not recognizing the patent'as a valid one. We 
then started in to experiment and our first attempt was along 
these lines as shown in Fig. 1. The trap and water way was. 
formed by the mold and left a depression in the side of the closet 

that was objected to by the trade as a dirt catcher and unsani- 
tary. We then tried to overcome this by setting pieces or brackets 
in the sides but this gave us trouble with our workmen, requiring 
skill to do the work properly and thus getting away from our object 
in using the casting method, which was to use unskilled labor in 
producing the ware. We then experimented along the lines of 
casting the trap separately and setting it in the mold and casting 
the closet around it as shown in these photos. This looks simple 
enough but it took a long time and a great many experiments to 
determine the proper consistency to have the trap so that it would 
not disintegrate and go to pieces when the liquid slip was poured 
into the mold and surrounded the trap on all sides. The difficul- 
ties at times seemed too great to overcome, and we thought several 
times we would have to give up; but by keeping everlastingly at 
it, we have at last been successful in turning out very fine ware. 
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We have been granted a patent on this method of casting ware, 
that is, casting the trap and setting it in the mold. - 

Figure 2 shows one of the molds that we use. This shows the 
best method of holding the molds together. They are split down 
the center and have the trap set in and the slip is poured in the top 
of the mold. The flushing rim is cast separately. The slip is 
run around the buildings in 2 inch galvanized pipe and a hose is 
used to convey it to the molds as shown in Figure 3. It is allowed 
to remain in the molds about two hours and then is drawn off. 

Figure 4 shows the foot and trap in place. We cast the foot 
and the trap and set it in the mold. This photo shows half the 
mold with the trap and foot set in place; the other half of the mold 
is put on as you saw it in Figure 2 and is all filled in with slip. The 
slip runs down the sides and amalgamates with the trap and foot. 
The mold is made of plaster of paris; it is absorbent and the clay 
casts around this section about 2 of an inch thick. You can vary 
that by leaving it cast a shorter or longer time. 

Figure 5 shows the mold with one-half taken away, the closet 
just as it appears in the mold, ready to take out. 

Figure 6 shows the closet with the two halves separated and 
the closet just as it appears. The fin has be to trimmed off the 
back and front, and the roll that the top is put on with is finished 
with a pallette. That is all the work we do on the closet. We 
have to cast the top separately on account of piercing the holes 
underneath to make the flush. 

Figure 7 shows you the way the inside of the closet is formed. 

Figure 8 shows the way the top is cast, and then holes are 
punched all around the bottom to flush the closet. After the holes 
are punched the top is put on with a roll. It stays in the mold 
until it is placed on top of the bowl. The closet I have just shown 
you is called a washdown closet; it is the closet that is used largely. 
The better closets are called siphon jets. They are cast with 
waterways that come down the sides to a jet at the bottom of the 
closet; this gives a quicker action and permits using a deeper 
water seal. 

Figure 9 shows the front of the trap that is set in for the 
mold. Figure 10 shows the side of the trap; there is a depression 
in it, you see, that brings the waterway down to this jet. That 
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is in the front of the trap, and when the mold sets up against it, 
a wall is cast on the outside, leaving a waterway down to the jet. 
The mold at the top has a depression that brings the water around 
the trap down to this passage. 

Figure 11 is the trap sawed in two; the front is hollow, this part 
of the trap is left hollow, and there is where the water comes in. 
The jet hole is at the bottom of the trap. The jet throws a stream 
of water up over the top of the trap to give it the siphon action. 

Figure 12 shows the trap set in the mold ready to cast. We 
cast this in two pieces, the trap and the top. The water is con- 
ducted down on both sides of the trap. ‘This is called a twin con- 
cealed siphon jet. 

Figure 13 shows the closet cut in two in the center. The water- 
way comes down the sides, and there is a jet hole that throws the 
water up through this passage to discharge it. The top is put on 
afterwards, the same as on the washdown closet, and the holes 
are punched here to flush the inside of the bowl. 

Figure 14 shows the complete closet. This is the waterway; 
it shows on the upper part. It then goes down the inside of the 
trap. At first we put this jet passage on the outside of the closet, 
and that entailed casting in a separate piece and putting on with 
a roll; but as we did not have expert workmen, we had trouble in 
attaching. It had to be put on very carefully; so we tried out the 
method I have shown you, of casting. it all in one piece. The 
closets are made.all complete. When the workmen take the molds 
away, the passages are all formed by the mold and trap as shown. 


DISCUSSION 


Mr. Ward: I would like to ask Mr. Kirk to what cone he fires. 

Mr. Kirk: Cone 9, down. We are using a 40 percent flint in 
our body, and I don’t think that has ever been done before in the 
sanitary business. We could not do it if we were pressing. My 
friend, Mr. Mayer, who is the father confessor for all the potters 
in the country and who is a very present help in time of trouble, 
recommended that we try that. We are doing it successfully, but 
have to fire our ware very hard to get good results. 

Mr. Ward: In the first place, you show it made up in two sec- 
tions; how do you unite those—with a slip joint? 
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Mr. Kirk: No, it is made in two sections, and put together with 
a roll, the same as in pressing. 

Mr. Ward: In firing, do you have to rely on the kiln uniting the 
two pieces? 

Mr. Kirk: No, they unite when cast in the mold. 

Mr. Simcoe: Just to get a comparison with the ordinary pres- 
sing, I would like to ask how many pieces can be made, per man by 
this process. 

Mr. Kirk: Our men are unskilled workmen, that is, they are 
not practical workmen in the pottery business; they are Italians 
and people we pick up around town, and they make nine wash- 
down closets per day. The ordinary presser makes four. On 
siphon jet closets, the unions restrict their workmen to making 
three a day. Our men make eight a day; they could make ten 
a day, 1f we would let them, but they would be apt not to finish 
them as well as we require. That is about the proportion, about 
twice as many by this method as the old method, and the price 
is correspondingly lower, that is, we pay 40 cents each for making 
the washdown closets and the regular price for pressing them is 
90 cents. On the siphon jet, we pay 60 cents for casting them and 
the regular price is $1.85 or $2 for pressing. So it is quite a saving 
in cost of manufacture. 

Mr. Ward: May I ask how thick is the thickest section you 
- can get in the casting process, without cracking? 

Mr. Kirk: Well, there are some parts in our siphon-jet closet 
that are an inch and a half thick. 

Mr. Ward: Is there cracking at points that are unequal in. 
thickness? 

Mr. Kirk: We don’t have much trouble that way; the greatest 
trouble we have in cracking is from the liquid slip running over 
the cast slip. They are drained from the bottom and if any liquid 
slip runs over the cast slip and dries there, it cracks. That’s the 
greatest trouble we have. 

Mr. Watts: Mr. Ward, this is not a solid porcelain proposition? 
Your body is more of a fire clay base, is it not, Mr. Kirk? 

Mr. Kirk: Oh no, absolutely not; regular vitreous china; the 
same body Mr. Mayer uses in making his hotel ware. 
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Mr. Watts: Well, I beg your pardon. It is practically the same 
proposition you were figuring on. 

Mr. Ward: Yes, I have been working along that line and experi- 
enced somewhat the same trouble as Mr. Kirk. However, when 
I try to vary the thickness of the wall, I get in trouble. 

Mr. Kirk: Where one part dries faster than another, you are 
apt to develop a strain, but if you will cover up the thin parts 
and let them dry gradually you will not have any trouble. 

Mr. Purdy: Do I understand that you cast a ete and put it 
into a mold and cast on to it? 

Mr. Kirk: Yes sir. 

Mr. Purdy: Do-you have to be particular how dry ote piece 
is that you put into the mold? 

Mr. Kirk: We have to be very careful, and that is one of the 
hardest things to overcome. We worked six months to get the 
trap to a consistency where it would not disintegrate and go to 
pieces when we poured the slip around it. That is the secret of 
the process and that is the reason that I am not very much averse 
to showing people how we do it, because they couldn’t do it after 
being shown without special instructions. I will state that I have 
a patent on the process of setting the trap in the mold and pouring 
the slip around it. This is new and novel, and other manufac- 
turers are negotiating to use this process and pay royalty for using 
re 

Prof. Staley: Do you have any particular trouble from the dis- 
integration of your molds, and is there any particular salt or mix- 
ture of salts less liable to cause harm to your mold than others? 

Mr. Kirk: We have no trouble at all with our molds. We 
had at first, but we overcame that by getting the mixture of plas- 
ter to the right consistency. We have molds that have teers 
out thousands -of closets and are still in use. 


SOME CHEMICAL REACTIONS OF INTEREST TO THE 
PLATE GLASS CHEMIST 


BY F. GELSTHARP, CREIGHTON, PA. 


In 1912, I presented a paper with the above title, and promised 
- to give the results of further investigations relating to some of the 
reactions of which published information was lacking. Each of 
the reactions was designated in the previous paper by a number; 
and in this paper, I will refer to them by the same number. 

Out of 44 reactions, I selected 14 for investigation and disposed 
of 5 (3, 8, 10, 20 and 36). I have made investigations of a few of 

the remaining reactions (18, 22, 27, 31, 43). 


18. SODA ASH AND WHITE ARSENIC 


One hundred grams NaeCO; were heated slowly in an open 
crucible with 5 grams of As,O3,—4.76 percent. The temperature 
was gradually raised to 900°C., that is, about 50° above the melting 
point of NasCO3. The escape of As,Q; fumes was noticed. Dur- 
ing the melting there was an energetic boiling action or evolution of 
gas which later subsided. ‘The conditions of the experiment were 
such that free oxidation could take place. An analysis of the prod- 
uct gave: . 


As,O3 0.468 percent | _ 
As.O; 3.512 percent if % 


These figures show a loss by volatilization of 26.68 percent of the 
original As,O3. This loss appeared to take place only while the tem- 
perature was being slowly raised; judging by the amount of fuming 
whichoccurred. And from the analysis one would have to conclude 
that the As,.O; has become oxidized and combined with NazCOg 
forming Na3AsO, thus: 


As.O3 = 3Na2CO3 + Oz = 2NasAsO4 +- 3CO2 
It has been stated that As.O3 in a glass batch reacts thus: 
5As.O3 = 3AssOs +- 2 Aso 


3.49 percent As,O3 
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the metallic arsenic going off as such and the As,O; being able to 
then act as an oxidizer, being converted into AseOs, and the process 
repeating itself until finally the whole of the arsenic leaves the glass 
as metallic arsenic. 

Applying this assumption to our experiments and considering 
there is nothing to oxidize, we could not possibly have more than 
2.85 percent of As,O3; remaining in the melt. Instead, we have 
3.49 percent, so that we must reject this latter theory in favor of 
the former. 


22. SALTCAKE + WHITE ARSENIC 


One hundred grams were heated slowly in an open crucible 
with 5 grams = 4.76 percent of NasSO.. The temperature was 
slowly raised to 940°C.; that is, about 50° above the melting point 
of NasSO.. Very strong fuming took place on raising the tem- 
perature above 260°C., but no boiling action was noticed while the 
mass was melting. In cooling, the product was found to be neu- 
tral to litmus; it was analyzed and found to contain: 


As.,O; = 1.18 percent = 0.97 percent As,O3 


The loss of AseQ3 was therefore 79.20 percent of the original. 

If the NazSO, had been reduced, we would expect to find some 
sulphur compounds such as polysulphide of soda or sulpharsenate 
of soda. These were not present; but if they had been formed, the 
compound would undoubtedly be immediately destroyed by oxida- 
tion leaving Naz;AsO,;. In this way the presence of arsenic in the 
resulting melt may be accounted for. 

From the result of the foregoing, the original intention of re- 
peating the experiment in a tightly closed crucible was abandoned 
for the quick volatilization of the As,O3 would not give the required 
conditions. And, since it was found that in investigation No. 18 
As,O3 formed with NasCOs3 a fairly stable compound (Nas3AsQu.), 
it was decided to use this salt with NaeSO, in a tightly closed cruci- 
ble subjected to the same temperature as before (940°C.). This 
failed to produce any decomposition of the NazSOu., and the melt 
was not alkaline. Such a result is only what might be expected 
because the arsenic here is present as pentoxide and not capable 
of further oxidation. 
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NazAsOs3, in which the arsenic is present as trioxide, was now 
mixed with Na,2SO,. The crucible was tightly closed, and the 
temperature raised slowly to 940°C. The result of this experiment 
was a very decided reaction. 

The NagSO. was reduced, sulphur compounds were formed, the 
melt was of brownish yellow color and strongly alkaline. On 

treating with acid, some sulphide of arsenic was precipitated and 
 sulphuretted hydrogen (SH2) gas was liberated. 

The compounds formed in this reaction must have been a sul- 
phide of sodium (NaeS or NaeS,) with arsenate and sulpharsenate 
of sodium (Na3AsO, and NasAsS,) thus: 


NaeSO, + 4NasAsOz = Nas —E 4Na;AsQO, 
4ANaeSO, —- 13NazAsOz — Na;Ass, + 12Na3;AsO, a 4ANa.O, or 
3NaSOx. aa 10Na;AsOz = NaoSs “fb 10NasAsO, + 2NaeO 


27. LIMESTONE + WHITE ARSENIC 


Five grams of As,.O3 = 4.76 percent, was heated in an open 
crucible in an oxidizing atmosphere with 100 grams of CaCO. 
The temperature was slowly raised to 1090°C. Some fumes of 
arsenic were noticed while the temperature was being raised. 
The product was analyzed and found to contain, 3.48 percent of 
As,O;, = 3.00 percent As,O3;. This shows a loss of 36.97 percent 
of the original As,Q3. 


3 CaCOs3 + As,Oxz +- Oz — Ca3(AsOu)e 4- 3COz 


This was now repeated, using CaO in place of CaCO3. No 
fumes were noticed during the heating. The product was tested and 
found to contain the whole of the original amount of AsO; as, 
AsoOs. 

3CaO AseOxz -+ Os = Ca3(AsO,)e 


These experiments give important information to the glass 
chemist, as they throw much light on the deportment of arsenic in 
a glass batch. The use. of AseQ3 in a glass batch has sometimes 
been ridiculed by chemists, especially when carbon is also present. 
It was considered that AsO3 was so volatile that none could remain 
in the melt, and in presence of carbon the As.O; would be reduced 
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to metallic arsenic. and escape as such. We know that some of 
the AsoO3; is lost by reduction due to carbon. 


2As203 + 36 = 2Aso + 3COsz 


T have found that in the case of plate glass as much as 56 percent 
of the original As,O3 remains in the finished glass, and it is interest- 
ing to learn that this is all present as As,.O;, none as As.O3. The 
glass melting goes on under reducing conditions, and if the As,O3 
did not act as a reducing agent in this case, it would not finally 
be present as the higher oxide As.O;. The conclusions to be drawn 
from these results are that AseO3 in a plate glass batch acts as a 
reducing agent, becoming converted into As,Os. And, although 
As,O3 is volatile at 200 to 250°C., it will remain in the melt by 
combining with Na2O or CaO forming arsenates which are compar- 
atively stable. And a portion of the As,QO3 is lost by the reducing 
action of carbon. 


31. SAND + SODA ASH + LIMESTONE 


This mixture forms silicate of soda and lime but only in certain 
proportions does it form a uniform glass. Some few experiments 
have been made to determine approximately the limits for the 
proportion of the lime possible. The following table gives the 
results: 




















NaxO | CaO | SiOz 

0.67 0.33 2 .00 Clear glass 

0.60 | POAC) 2.40 White flakes on surface 
0.57 | 0.43 2557 White scum on surface 
0.49 | Qed 2.43 White scum on surface 
0.40 | 0.60 2.40 White scum on surface 
0.33 0.67 2.00 White scum on surface 








This work is very incomplete but the results so far tend to show 
that when the ratio of NasO to CaO is less than 2:1 we are not 
likely to get a uniform glass. | 

The thick white scum which has a great tendency to remain on 
~ the surface of the pot has been analyzed; and I find it to be a crys- 
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tallized double silicate of lime and soda, approximating the follow- 
ing composition: 


Na2O CaO S102 
0.585 0.415 5.100 


Pe ae or 3Na,0. 2Ca0 97810, 


e 


This may be a definite compound silicate. I have found that the 
addition of a small amount of sulphate will prevent its formation, 
or perhaps I should say that Na.SO, decomposes it so that. it is 
incorporated in the melt. An optical examination of this material 
may throw some light on its composition. 

I do not feel sure that it is not simply a mixture of silica and a 
glass, but the analysis was made of the solid white body, which did 
‘not appear to contain any glassy substance. 


43. SAND+SODA ASH+SALTCAKE+COMMON SALT+LIMESTONE 
+ CHARCOAL + WHITE ARSENIC 


I have little to add to what I have already stated. As,O3 does 
not act as an oxidizer of iron and entirely volatilize. It appears 
in all the reactions we are concerned with as a reducing agent. 

Regarding the possibility of Na2zSO, being reduced to NaSOs3 in a. 
glass melt, I have further attempts to try and prove if this is possi- 
ble. Heating C. P. Na2SO3 in atmospheres of COs, SO2, CH4, H or 
N gas fails to prevent its decomposition in every case. It was 
thought that the presence of Nas;AsO; or Naz3AsO, might make it 
possible; all attempts were without success. The sulphite breaks 
down in every case with formation of sulphate and sulphide, except 
that in the case of SOs, the SO2 is reduced to sulphur and the sul- 
_ phite takes up the oxygen to form sulphate of soda. I now feel 
convinced that there is no possibility of sulphite of soda being 
present in the melting of a glass batch. 

I hope that the other suggestions for investigations .as eres 
in my 1912 paper will, if possible, be proceeded with and discussed 
in the near future. | 


590 REACTIONS IN PLATE GLASS CHEMISTRY 


NOTE SUBMITTED AFTER READING THE PAPER 


Prof. Silverman: Mr. Gelstharp’s claims that arsenious oxide 
acts as a reducing agent were strikingly shown in some experiments 
recently made. An article which appeared in Sprechsaal a number 
of months ago advocated the use of lump arsenic for the removal of 
black streaks in glass. The statement was made that the fused 
oxide, having a greater specific gravity than the molten glass, would 
sink to the bottom, and gradually vaporizing, exert a chemical action 
which should result in the disappearance of the streaks. They 
did disappear, but the glass became seedy and turned green. 
The seeds did not disappear even on long standing, and the green 
color was undoubtedly due to a reducing action by the arsenic 
compound. I can say nothing regarding the reactions given by 
Mr. Gelstharp, but am inclined to believe that arsenious oxide 
would generally act as a reducing agent. 


NOTES ON THE CAUSE OF MATNESS IN GLAZES 
BY A. R. HEUBACH 
INTRODUCTION 


These experiments were originally not intended for publication, 
and, therefore, they are not so extensive as they ought be to. I did 
not do any work along petrographic lines, since my results seemed 
to justify the assumption that matness is due to crystallization. 

IT was taught years ago by Dr. Pukall that true mats had to melt 
the same as any glassy glaze and that matness was caused by erys- 
tallization on cooling. My observations with raw leadless mats 
for higher temperatures seemed to bear out this contention. In 
one of the terra cotta plants with which I was connected, we used 
to draw trials at the finish of the firing, and I had, therefore, an 
opportunity to observe the behavior of different types of mat 
glazes under these conditions. As a matter of fact, I did not find 
one mat glaze, barium mats included, which did not form a glassy 
coating when cooled suddenly, although they gave good true mats 
when cooled slowly in the kiln. 

As far as I am aware, no case is known where amorphous material 
separates from an igneous solution, and, therefore, I felt justified in 
assuming that, in this type of mat glazes, matness is due to crys- 
tallization. 

EXPERIMENTAL WORK 


Production of First Samples. Since all the glazes included in 
last year’s discussion contained lead and were fired at a low or 
medium temperature, it did not necessarily follow that they also 
must be crystalline. As I had never had an opportunity to study 
the effect of quick cooling on this type of mat glaze, I decided to 
make a few experiments with some of the glazes which were 
classified as ‘“‘immatures”’ in last’s year’s discussions. I included 
one of the leadless high-temperature mats in order to be able to 
compare it directly with the others. In order to determine whether 
matness occurred at a definite point or whether it be formed 
gradually, I decided to draw trials at different intervals during the 
cooling process. 
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I made the following glazes: 


No. 1. 0.70 CaO\ 
0.30 K,0.) 
Nos 2:5, 0;80snGa0u! 
0.15 KO } 0.35 AlO; 1.675 SiO, 
0.55 PbO 
No. 33907) 344. CaOune 
0.088 KNaO 
0.475 PbO 
0.093 CuO 
No.4. 0.200 CaO] 
0.225 KO } 0.35 Al,Os 1.6 SiOz 
0.575 PbO| 
No.5. 0.15 KO} 
0.10 PbO 
0.10 ZnO 
0.30 BaO 
No.6. 0.175 KNaO | 


0.500 PbO | 
OL0m CRO os Al. 2.056105 


0.7 Al,O3 2.7 SiOz 


0.233 Al.O; 1.9 SiOz 


0.250 BaO 


No. 1 was fired to cone 9; No. 2 to cone 4; No. 3 to cone 3; No. 
4 to cone 1; No. 5 to cone 2; and No. 6 to cone 02. The different 
burns took from twenty to twenty-four hours. No special precau- . 
tions were taken to cool the kiln slowly, the fire was shut off at 
the finish and the kiln left to cool naturally. A preliminary test 
showed, that after two hours cooling, matness was almost complete. 

Now I made up four tiles of each glaze and put them in the kiln 
so that I could easily draw them out. One sample was drawn at 
the finish of firing, one after half an hour and another one after one 
and a half hours. The fourth trial I left to cool in the kiln. 

The trials were mounted on a board in the order in which they 
were drawn, and you may easily compare the behavior of the dif- 
ferent glazes. 





1 No. 1, Private notes; No. 2, Purdy, Trans. A. C. S., Vol. XIV, p. 675; No. 3, Miss 
Cooke’s, Trans. A. C. S., Vol. XIV, p. 696; No. 4, Binns, Trans. A. C. S., Vol. V, p. 52; No. 
5, Orton, Trans. A. C. S., Vol. X, p. 567; No. 6, Pence, Trans. A. C. S., Vol. XIV, p. 684, 
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Description of Samples. When drawn at the finish of firing, 
they all show a distinct gloss. After half an hour, Nos. 3, 4 and 5 
show the beginning of matness; after an hour and a half, matness 
is well developed except in No. 6. When cooled in the kiln, they 
are all good mats, but No. 6 is shiny along the edges. This, I 
believe, is due toimmaturity. The glaze would be better if burned 
to a slightly higher temperature. I shall come back to this later. 
-. No. 3 was not fired to maturity either, but despite this, it shows the 
gradual developments of matness very nicely. Particularly inter- 
esting in this case is the color change from a brownish green through 
_a bluish green to a black with green patches. To satisfy myself 
that no accidental reduction had taken place, I repeated this experi- 
ment, but the result was the same. 

Discussion of Copper Mats. I have had considerable experience 
in the production of copper-red glazes and of copper lustres. In 
the first case, the reduction takes place during the firing and extends 
throughout the glaze; in the second case, the reduction takes place 
during the cooling and does not extend beyond the surface. I 
have never observed this mat, black finish due to reoxidation when 
the reduction took place during the firing, because any reoxidized 
- copper would be redissolved by the fluid glaze. But it may 
easily be produced if the reduction takes place during the cool- 
ing and is stopped at a point where the temperature is still 
_ high enough to permit of reoxidation of either the cuprous oxide 
or the metallic copper, as the case may be. The crinkled surface 
which result is, to my mind, simply due to the absorption of oxygen 
by the thin metallic film, which thereby increases in volume. 
Professor Orton? gave this as one possible explanation in the case of 
Mr. Jackson’s gunmetal effect. 

I have produced mats of this type in which the crinkled surface 
was so pronounced that the crinkles could easily be seen by the 
naked eye. I have gone further than that. By giving a short, . 
strong reduction at a comparatively high temperature, then per- 
mitting reoxidation with the resulting crinkled surface, and then 
reducing again until the temperature was quite low, I was able to 
produce an iridescent film on top of the crinkled surface. 





2 Trans. A. C. Sse Ola JeXcep. 418. 
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In the case of mat No. 3, a reduction on cooling was out of the 
question, as nothing but air passed through the kiln. Therefore, 
we have, apparently, at this heat treatment, a saturated solution 
of copper from which the oxide or some other copper compound 
separated on cooling. ; 

Study of the Effect of Overfire. Now to come back to glaze 
No. 6. It is well known that any mat glaze may be transformed 
into a glossy glaze if it is what we usually call “overfired.”” To 
show this, I fired all the glazes except No. 1 up to cone 9. The 
result was as follows: No. 3 was just beginning to run bright, 
accompanied by boiling. No 6 had also boiled, for it showed a 
pin-hole effect, but it was still perfectly mat, although owing to the 
pin holes, it was not so smooth as at the lower temperature. The 
other three glazes, No. 2, No. 4, and No. 5, were distinctly glossy, 
but all showed pin holes. These pin holes are apparently due to 
the “second”’ boiling to which Mr. Purdy referred in his paper on 
“Fritted Glazes.’’ 

In looking for an explanation of the glossiness in “overfired’’ 
mats, the following seemed plausible to me. In the case of amat 
glaze in a fluid state, that is, before matness develops, we might 
assume an emulsion, consisting of different saturated solutions 
which, on cooling, will crystallize out. If we fire the glaze beyond 
a certain temperature, the different solutions will become soluble 
in each other, that is, they will diffuse, forming a homogeneous 
solution which is not saturated and, therefore, will remain a solution 
on cooling under ordinary conditions. 

Study of Effect of Slow Cooling. Assuming that this was so, I 
wondered whether it was possible to make this homogeneous solu- 
tion crystallize on prolonged cooling. To get at this, I refired one 
set of samples, which.I had previously fired to cone 9, to cone 1, 
taking it that this would practically mean prolonged cooling, that 
is, taking the burn to the lower cone and the subsequent cooling as 
one operation. The result was that all of the samples showed more 
or less of a mat texture, but of a different kind from the one produced 
by the same glaze at the ordinary heat treatment. The best is 
No. 5 which came back to a perfect mat. 
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Conclusions from Experimental Work. The experiments in 
general show plainly that in all the glazes included in this investi- 
gation, matness is due to separation from solution on cooling; and 
unless we are dealing with an entirely new phenomenon, it appears 
that these glazes are all crystalline. 


OBSERVATIONS ON HIGH-TEMPERATURE MATS 


As I included one of the high-temperature mats in this investiga- 
tion, I will add a few remarks about some observations which I 
made with this type of mat under commercial conditions, and 
which, I am sure, cannot be made under ordinary conditions. 

For illustration, I will give three formulae: 


No.7. 0.3 KO | 0.63 A1,O3 3.61 SiO, 
Ori Cas) Oe Ry 25 


No. 8. 0.11 K,0 | 0.29 Al,O3 2.56 SiO, 
Oncor Cae) 0. RB. 2.84 
0.16 MgO se 
No. 9. 0.30 KO ) 
; 2 ae 0.5 AlO; 4.0 SiO, 
8 Onno o. 
0.15 BaO | 
0.05 ZnO | 


I have observed a good many more glazes of this type, but these 
three will suffice for illustration. 

These glazes will give good glossy glazes under ordinary condi- 
tions even in many commercial kilns, but in the long fire and the 
necessarily slow cooling of the terra cotta kiln, I produced good 
mat glazes of different textures with these very formulae. As a 
matter of fact, one of these glazes was used as a mat glaze on a large 
scale for several years. 

These glazes fall well within that portion of the “bright area”’ of 
Professor Stull’s chart :4 in which we could expect mature glazes at 
cone 7. No.8 and No. 9 differ from Professor Stull’s glazes in the 
RO content, but No. 7 has the same RO as he used and corre- 
sponds almost exactly to his glaze D4. 





4 Trans. A. C. S., Vol. XIV, p. 64. 
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I observed the same phenomenon with the barium mats under 
these conditions, but I am not at liberty to give any formulae. 
I will say, however, that I used oxygen ratios from 2.5 to 3.2, the 
same as in the above glazes. On quick cooling, these glazes give 
glossy glazes the same as any other mat glaze which came to my 
attention. I had one of our students make up a series of barium 
mats recently, in which he used the same combination of bases 
which I had used commercially. The samples were burned to 
cone 7 as usual in about twenty-four hours, and no special pre- 
cautions were taken on cooling. The result was that he did not 
find one good mat. The experiment was then repeated, but the 
burn was prolonged purposely to about fifty hours, and after finish- 
ing, the kiln was closed up tight and left to cool as slowly as it 
possibly would. This time he found some good mat glazes, but 
not with an oxygen ratio anything above 2, while I had produced 
good mats with an oxygen ratio as high as 2.9, using the same com- 
bination of bases, in a commercial terra cotta kiln. 


A HIGH CALCIUM HIGH BARIUM MAT 


I had one of our students make up a series of mat glazes recently, 
in which he used the following combination of bases: CaO, 0.44; 
BaO, 0.35; K,O, 0.16; ZnO, 0.05, and varied the alumnina-silica 
content the same way as Professor Orton did in his experiments on 
“A Type of Mat Glaze Maturing at Cone 2-4.” When the 
samples came from the kiln, I looked at them with an ordinary 
hand glass and I thought that I could see some crystals. There- 
upon I put the samples under a microscope, and although the 
crystals were not very distinct, they could easily be seen. | 

One of the glazes was then selected for color trials. When these 
were examined under the microscope, it was found that the crystals 
could be seen much more distinctly, because in most cases the 
color of the crystals was slightly darker than that of the rest of the 
glaze. This was particularly pronounced in those glazes which 
had cobalt as the coloring oxide. In this case the crystals were 
so distinct even under a low-power microscope that I decided to 
have a photograph taken for publication in connection with the 
above discussion on the cause of matness. 

The accompanying cut shows the surface of the glaze, as looked 
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upon from above, magnified but 25 times. It speaks for itself and 
a detailed explanation seems unnecessary. The photograph was 


taken by Mr. J. A. Glen of Albany, N. Y. 
The formula of this glaze is: 


0.44 CaO | 

0.35 BaO| uty 
0.16 KO ee ‘ALOe 9 SiO; 
0.05 ZnO) 





It was burned at cone 6, accidentally under shghtly reducing 
conditions, which fact probably accounts for the blisters, which 
may be seen on the cut. It was colored by an addition of 3 per 
cent of a stain of the formula CaO, Al:Os. 
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There can hardly be any doubt that crystallization is the cause 
of matness in this case, but I should like to emphasize the fact that 
this glaze has the soft finish which is so characteristic of a true 

mat and it does not take the dirt, as Mr. Purdy claims a crystalline 
mat would. | 

GENERAL CONCLUSIONS 


My observation, together with these experiments, demonstrates, 
I think, very nicely the relation which exists between glazes and 
slags. Professor Orton says in his “Study of a Type of Mat 
Glaze Maturing at Cone 2-4,” “‘Basic silicates, in the case of 
rocks and slags and presumably glazes, also, seem to possess a 
strong tendency to crystallize in cooling. By increasing the sud- 
denness of their cooling, the glassy structure may still be kept for 
a time, but in general the more basic the silicate, the more difficult 
it becomes to get it or hold it in the glassy state on cooling.” 
Applied to glazes, this means that within certain limits, the more 
basic a glaze is the quicker it may be cooled and the more 
acid it is the slower it must be cooled in order to produce a 
mat. In other words, if it was but possible to secure the proper 
cooling ‘conditions, we ought to be able to make that portion of 
any glossy glaze crystallize out which is capable of forming definite 
compounds, whether it would be a good mat vexuure is, of course, 
another question. 

At any rate, I am convinced that the treatment of a glaze, aside 
from its composition, plays an important part in the production of 
mat glazes, and I believe that the characteristics of many commer- 
cial mats are due to treatment rather than composition. 


DISCUSSION 


Prof. Pence: I am very much pleased to see this evidence in 
support of the theory which I advanced last year. It also demon- 
strates the fact that evidence pointing to chemical action which 
takes place in the glaze may be obtained by experiment and ob- 
servation made in the factory proper. While it may be contended 
that microscopic observation is essential in affording definite proof, 
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the evidence most certainly points to the validity of the theory of 
crystallization as accounting for the developement of mat texture. 

Mr. Purdy: Mr. Chairman, no doubt we have glazes that are 
mat due to crystalization, but in every crystalline glaze that is 
mat, the surface is rough. If dirt should be rubbed upon a pure 
crystalline mat, i.e. completely crystallized, it would remain in the 
pores of the glaze. The erystals should be very small, the glaze 
would practically be full. When the crystals are large, the glaze 
is glossy. The evidence of the tile drawn from a kiln nearly at the 
finishing heat being glossy whereas it would be mat if allowed to 
cool in the kiln, is only an illustration of the phenomena of surface 
tension. You can get a gloss by high surface tension and that is 
what you produce when you draw the tile out of the kiln hot and 
allow the outside coat to cool first. Surface tension will produce 
- gloss in these glazes the same as it does in a bristol glaze. 


AN INVESTIGATION OF THE SURFACE DEVITRIFI- 
CATION OF GLASSES UNDER THERMAL 
AFTER-TREATMENT 


BY C. J. BROCKBANK 
INTRODUCTION 


That certain physical and chemical changes take place in the 
surface layers of some glasses on reheating from the solid to the . 
plastic state, is a fact known to all glass makers. In some glasses 
the change is so slight as to be barely visible to the naked vision, 
in other cases it will progress to such an extent as to cause a frosted 
appearance and entire loss of brilliancy. Under the microscope 
such a speciman will show numerous small spheres of typically 
devitrified material. This defect is undoubtedly produced by the 
volatization of potassium or sodium oxide from the glass, and the 
consequent production in the surface layer of a silicate containing 
a very high percentage of SiO.. It is interesting to note that this 
change will progress entirely through a solid piece of glass if it is 
maintained at the critical temperature for a period of several 
days. . 

EXPERIMENTAL WORK 


That the susceptibility of a class to this change is intimately 
related to its chemical composition has long been recognized; but, 
so far as the writer is aware, this relationship has never been made 
the subject of special investigation. This paper is a description of 
experiments having as their object: (1) The determination of the 
influence of the chemical composition of a glass on its susceptibil- 
ity to this defect. (2) The critical temperature required to induce 
such changes with reasonable rapidity. Since the soda-lime-sili- 
cates exhibit this defect more often than other types, the investi- 
gation was limited mainly to this type, the cae of various addi- 
tives also being studied. 

Two series of meltings were made as shown in Table I, the first 
series of seventeen meltings on a laboratory scale, the second series 
consisting of six full size factory melts of fifteen hundred pounds. 
For the laboratory melts, a gas furnace, capable of melting about 
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five pounds of material, was used. The temperature toward the 
end of the heating probably reached 1600°C. The cooling usually 
occupied twelve hours, and the block of glass could then be extracted 
from the pot in one or two large pieces. From these pieces, small 
test plates, linch by 1 inch by ¢ inch, were ground, polished and 
used for the experiments. The refractive index of each plate for the 
D line of the spectrum was first determined. This value, of course, 
has no significance in connection with the thermal changes; but it 
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eroiven very little extra trouble, and opens up an ee 
side line which will be investigated later. 

The heat treatment consisted in the determination of two points: 
(1) The temperature at which softening could be detected. (2) 
The temperature at which surface dimming was first observed. 
These will hereafter be called the softening and dimming points. 

A gas muffle furnace of the ordinary type, fitted with a mica 
door, was used for these tests, suitable provision being made for 
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TABLE 1—SERIES 1 
Group I. Melts of Five Pounds 


































































































No “Of ‘@laseins.c.cc.cists cciteweineee iets ibe eretare aes ecetetersr eet 1 2 3 4 5 
D/Ds oo acy ae eae ee Le ee ee ee ene 1.510 | 1.502 | 1.496 | 1.508 | 1.508 
Softening potateeee eee ee eee cee 1350° | 1450° | 1300° | 1350° | 1300° 
Dimming point ow cee Oe ee 1400° | 1500° | 1525° | 1525° | 1350° 
Sand sity Sob tan ites cee Oe ee ea ee ee 633 | 679 | 636 | 640| 654 
Pearl ashu(dry.)ia ease Cee 204 
Potases nitrates: 2-42 asa ee eee 28 30 32 32 32 
Arsenious*Oxide@s4i. ee ee eee 4 4 4 4 4 
SOd a Hah. eck see eG RO eae eer oe 176 99311. JOS 2a) 
Slaked lime*snek< sass ce ner eee 69 83 | 78 80 
Borax. Fk ee ae eee 68 
Maenesium carbonates...92.0 eee 105 
Aluminium hydrates<..7 ere eee 20 

Group II. Melts of Five Pounds 
INO Of class ict. Rt oe ee an 7 8 9 10 il 
TA) DAR eh atl atie ce eee OL ME RN tan Se ee 15064 P51 ail o08 a abil 1e51b eee 51? 
Softening pomb: sue onc Ae ee 130° | j2oee | 1300° | 1395° | 1300° | 1300° 
Diniming potut< uate ae ae Fee daige: | 175%) | Q1bb0e nO LBOOS a where 
San eto Oe a oe 633.) -“612.4 ~ CIV) 597s" 2516 4 60s 
Potass:nitrate... 2c) a. eee 30 
ATS€NIOUS OXIde...05)%. 5 eee 4 4 4 4 4 4 
Sodaash 4nc.s. i eee eee 991 |} QAM e216 1 209 1 20855212 
Sod: Nitrate sche. Oe ee 30 3h 30 30 30 
Slaked lime... wt ee eee 58 74 
Magnesium carbonate.............. 52 66 37 
Aluminium dnydratey. je eae eee : 21 
Dolomite.2.. 38 (ask eee 132.) BlGO 4 e508 

Group DI. Melts of Five Pounds 
No. Of ro lassincr tes see oe ee SOE eee oe 12 13 14 
T/A as ARE Pee Ae OREN GS Aad ont Set aE an he st Ne e tcl ts bho) APA, akaah 1.505 
Softening point sc seen, ba ceitoe late eae OR OE Ee Bee 1300° | 1325° | 1300° 
Dimming point Mista Coe cae eee Ree Oe ne oe eee 1500° | 1500° | 1450° 
Sand...) eels eek le Sua ee eee or, ee ene 627 | 631 
Arsenious OXiGes: Siw eee cee a ee eee ee We: 4 
Soda selec eee eh aa ea aeec eg ates te Wee lo2 
Sodium ‘nitrate? 22.20 6 ee oa eee aL 33 
Slaked. limes :ceacy hae eee ee eee 58 
Magnesium ‘carbonate cs s.c4n ee eee | 52 


Dolomite 








So 0 ew 16. 6) ofa. /6 0m ibe oS ehie! 6.6) 06 ©) © ed) 6 ¢ el ge eile (ele 6.606 el 6 ele hele 
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fi Group IV. Melts of Five Pounds 
Neon SAGs eae ae Pe Oe CA a le 15 | 16 17 















































Te Late ee ee es ey 1.615 1.597 | 1.615 
Softening point -blecoietnly 5. 6 BER Ole BG AIG SOR ONG Oe een 4250? | 1200°° |) 1150° 
Drniaeeoe NY. Jehan vo eydidews 1350° | 1300° | 1250° 
Saige gee Sy ge ean | 432| 420 | 428 
(PAG sg oe Bu -eis ite Seah Eo 0 REL re ie ae By SL 
Beetle Pee Chae Ral ae Ue Se a a | 466 | 460) 462 
Pci ieee ee Pee he Seid Pe yi oles we bees ha eal 10 
IA BSOTIO MG OREO ar Rich FR theo is oe ede tes ge k eugee | 2 2 2 
eB BLS RENT Me boll ie Lic, Soe) Pug ole TE I ne arn 2 rr 96 47 
SOULE GEL EC 1 RU IR AW I g ealhags dine araleg 6.0 ae 10 
SERIES 2 

Melts of 1500 Pounds 
INO AO LICE sonal eve: meer oe ine eee cle ea 1 2 3 4 5 6 
AWAD ery ae hese Mae aan eWay BINS ns AO 8 Ae eto aa 1.516 | 1.505 | 1.507 | 1.511 | 1.5075 | 1.506 
Ibangn ing, point 22 tet et ae: 1400° | 1500° | 1950) | is00° | 1525° | 1450° 
SS aIeIme a 1 WEG ek Ek te ancl 597 648 640 638 643 590 
PoLasa ss CALDONAbCs teen ee sant ; 179 
RS Oh eS Rhye ean? ath hn een een, 172 ODA 225 u Zoo Pe2eo 
SRR eCURIIMeS moc nor enh eu 81 70 77 67 
Nitrate of soda...... Ct AE ADR 27 29 32 32 32 
IAT SCRIOUSLOKIGOMss oe Oe be ee tikes o.. 4 4 4 4 4 2 
Bora ee er ew be ee: 119 70 
BOriceacieinn: gan soa os een ee 23 
Almpinminghydrates(: 41 8 a8 103 
Slakedvdolomiteter corked ue... 29 
Calcined MgO.......... See Ie ah. 
Potase-enitratcsiasacn ik be ec 46 
Cae eh eae aee ORS etna ace se 39 




















the introduction of a thermo-couple through the wall of the muffle 
and of a small, pointed, steel rod, 3% inches in diameter and 1 inch 
long. The polished section of the glass to be tested was raised 
from the floor of the muffle on a small fire-clay bridge. The muffle 
was started from the cold, and the softening point and dimming 
point determined by means of the pointed steel rod and the thermo- 
couple. The general arrangement of the apparatus is shown in 
Figure 1. The steel point was allowed to rest of its own weight on 
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the polished surface of the glass. The softening temperature was 
immediately manifested by the distortion of the reflections of the 
steel point and the thermo-couple. These reflections were quite 
brilliant under the conditions obtaining, and no difficulty was 
experienced in checking results very closely. ‘The dimming point 
also was indicated by the disappearance of these reflections. This 
surface clouding takes place quite suddenly when the critical tem- 
perature is reached, and can be checked-++or— 10° in different plates 
from the same melting. Since the time taken in heating the test 
plates has some influence on the temperature at which devitrifica- 
tion commences, every precaution possible was taken to maintain a 
constant gas pressure, and the time spent in attaining a given 
temperature was checked in each experiment. 

The materials used were.of the ordinary grade used in glass 
mixtures, and were fairly pure. The slaked lime was the most 
impure, an average analysis giving: 


percent percent 
CalOl obs ceee etl tee Ooeas Als Ope ka cages cet 0.86 
CalOs iho cubes Fae soaks MeOp ee. he oon ae 0.31 
WaO Piew ome She eeeuencs O31) gxSiOsere. 420 he peer 0.41 . 
FeO, idea Kelires-s Tao Pe Morel outowee cok arelaeeate Q-21 H.O Rute SOR OO OG Glo aia ah Go 6 2.20 


All the mixtures given are figured in parts per thousand, the 
temperatures in Fahrenheit degrees. 


DISCUSSION OF RESULTS 


Group 1. Comparing 2 with 5 we notice that the substitution 
of potassium carbonate for sodium carbonate raises the dimming 
point 200° and greatly increases chemical and physical stability. 

In 3 we have the effect of substituting magnesia for lime. The 
effect is peculiar in as much as the dimming point is raised from 
1350° to 1525°, the softening point remaining the same. 

Number 4 shows that the addition of alumina is beneficial. 
Number 1 indicates that the use of boric acid will not give very 
marked improvement. 

Group 2. Numbers8,9,10and 11 show that the use of the double 
carbonate of calcium and magnesium in the form of dolomite is 
markedly beneficial, particularly in conjunction with a little 
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alumina. Number 11 was the most stable of any glass tested. 
Also notice that this small addition of alumina does not raise the 
softening point; it has, however, one disadvantage, that the glass 
is more difficult to “fine.” 

Group 3. These are practically checks on the previous mix- 
tures. | 

Group 4. These are flint glasses. They do not devitrify in 
the same way as the crowns, but simply take on a frosted ap- 
pearance, the action then practically ceasing. The substitution 
of soda for potash is detrimental, and the use of mixture of these 
two still more so. 

Series 2. These mixtures were meltings on a commercial scale 
in covered pots and were based on the smaller trials made in the 
laboratory. The value of introducing alumina and magnesia is 
fully sustained, and the conclusion based on the laboratory trials 
confirmed, in other material respects. The glasses of this series 
were blown into sheets in the usual way, No. 6 especially giving 
excellent results. . | 


CONCLUSION 


Summarising, it can be stated that the introduction of magnesia, 
and particularly alumina into white sheet glass is of great benefit, 
making the glass more stable. 

The use of dolomic limestone is markedly beneficial, contrary 
to the view held by many glass makers. It is a custom in Europe 
to add alumina in some form to tank glass, usually to the extent of 
two percent. The reason generally given for this procedure is that 
such a glass is less likely to attack the fireclay blocks of which the 
tank is built, and that, therefore, clay stones will not be so preva- 
lent in the “metal.’’ It is much more likely that devitrification 
stones are less prevalent, and that these have been confused with 
clay-stones. The writer’s experience in adding alumina to special 
glasses which attacked clay pots at a remarkable rate gave negative 
results. The alumina did, however, greatly increase the viscosity 
of such glasses when present in amounts above 3 percent. 


THE DEVELOPMENT OF SPECIAL REFRACTORY BODIES! 
BY E. T. MONTGOMERY, BUREAU OF STANDARDS — 


While there have been but few absolutely new.refractory mate- 
rials developed in the past few years, the pressing needs of the 
rapidly developing chemical, metallurgical, electrical and ceramic _ 


industries in the way of suitable refractories, have stimulated some 7 
truly remarkable developments in the preparation of refractory | | 
materials from the old and well known raw materials, and in the — 


compounding and manufacture from these materials, of refractory 
bodies for special purposes. 

Object of the Work. The data to he discussed in this paper are 
the results obtained in a study of refractory bodies suitable for 
pyrometer tubes in particular, or for any product in which similar 
properties are required. 

Requirements of the Body. A body suitable for pyrometer 
tubes must meet the following requirements: 

1. It must be as refractory as possible, having a fusion point 
above cone 30 unless the tube is for low temperature work only. 

2. It must stand sudden and repeated changes of temperature * 
without rupture. 

3. It must be either pe tba to gases without a glaze or such 
a body that it can be glazed or otherwise rendered impervious. 

4. It must not warp or deform within the temperature range in 
which the tubes are to be used. 

5. It should preferably be a body which is plastic enough to be 
used in a tube machine forming the tubes through a die. 

Compositions Tested. In deciding on the different series of body 
compositions to include in the investigations, I was guided by a 
consideration of the composition of German and American pyrome- 
ter tubes now on the market about which some information was 
available, and by previous consulting experience in the develop- 
ment of a suitable body for gas mantle rings. 

In German Handbuch der gesammten Thonwaarenindustrie, the 
Marquart tube as made in 1907 was reported to be composed of 





1 By permission of the Director of the Bureau of Standards. 


DEVELOPMENT OF REFRACTORY BODIES 607 


70 percent grog (made up of 60 percent Rackonitz shale kaolin 
and 10 percent AlxO;) and 30 percent ball clay. This body was 
fired to cone 20. - Since 1907 the Marquart tube has been improved 
but the new composition has not been reported so far as I can 
learn. Analyses of the Marquart inner and outer tubes now on 
the market were made by Mr. A. J. Phillips, chemist at the Pitts- 
burgh Laboratory of the Bureau of Standards, with the following 
results: 

















INNER TUBE OUTER TUBE 

Si sce ee eras eet e heats oc. 60>. 34 .89 29.75 
Nels Van ct eee Grn eh a. cis re 59 .47 66 .52 
FeO; Beer crtea eeteire ay che Geshe leks. solar iow sre her's 0.96 0.65 
ELOs, cha he eee A Fete: OAR PE 0.62 0.43 
SASL S A BR oie ort io) 8 ER So ea 0.85 0.66 
BSE Vired i a haa ke es ee 0.10 0.26 
LMI SA Tae a eR L 1) Veneer 0.79 0.70 
LO Vin i Be Gane og ie ne 0.57 0.92 
TOMO 1FitiON Ne oat. 1.89 | 0.31 
100.14 | 100.20 





These analyses indicate that the Al,O3 content has been increased 
in the Marquart tube grog, and that a higher content of AleOs is 
used in the outer tube than in the inner tube. Calculating the 
composition from these analyses we see that the inner tube con- 
tains about 30 percent calcined Al,03 and 70 percent clay part of 
which is also calcined, probably about 40 percent leaving 30 percent 
to be added as raw ball clay as in the original Marquart tube . 
body; and that the outer tube contains about 40 percent calcined 
Al,O3 and 60 percent clay of which probably 30 percent is calcined, 
leaving as before 30 percent ball clay to give plasticity to the 
body and to act as the bond in firing. The only American tube 
about which I secured any information was the Norton Company’s 
tube composed of bonded ‘‘ Alundum”’ (fused Al,QOs). 

It was not my purpose to try to duplicate any tube on the mar- 
- ket, but to make a study of the technical difficulties involved, the 
peculiar properties, whether physical or chemical, of bodies which 
will meet the unusual requirements or a pyrometer tube body, and 
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to discover if possible the value or uselessness of the ordinary 
refractory materials at our command for use in compounding such 
bodies. I was particularly interested in developing a high mag- 
nesia tube as the value of magnesia in bodies to withstand sudden 
temperature changes has already been demonstrated. 

The four following series were therefore outlined. All bodies 
were designed to be plastic enough to work through a tube machine, 
and either all bodies of a series were designed to be refractory or 
refractoriness was to be developed in the higher members of the 
series: 

Series ‘‘A’’ was designed to test the value of fused magnesite 
bonded and made workable by clay additions. 

Series ‘“B”’ was designed to test the value of calcined Al,O3. 
Series ‘‘C”’ was designed to test the value of calcined kaolin. 

Series ‘‘D” is composed of miscellaneous bodies. 1D was to 
show the effect of replacing the 70 percent North Carolina kaolin 
in 1 C by Georgia kaolin. 2 D was to show the relative values 
of calcined flint and calcined kaolin as compared with 1D. 3D 
was designed from a gas mantle ring analysis and brings in 12 per- 
cent MgO. 4D wasto show the value of an addition of spar to a 
calcined Al,O3 body. | 

Materials Used. ‘The fused magnesite was obtained from the 
Electrical Engineering Department of the University of Illinois. 
It was received in a powdered condition, none of the particles being 
larger than about 20-mesh. The calcined alumina was the ordi- 
nary commercial AlsO3 calcined at cone 12. The calcined North 
Carolina kaolin and flint was also calcined at cone 12. The clays 
used were English ball, Georgia kaolin and Dillsboro, North Caro- 
lina kaolin. 3 
. Preparation of the Bodies. The bodies were weighed out and 
ground in ball mills until the slip would pass a 100-mesh lawn. 
The water was removed from the slip by means of filter sacks and 
the bodies thoroughly wedged by hand. 

. Making the Tubes. The tubes were all formed on a piston tube 

machine designed and built at the Pittsburgh Laboratories. They 
were removed from the machine on grooved ware boards, carefully ° 
dried and cut into lengths suitable for the different tests devised 
for them. 
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Burning the Tubes. In burning the tubes two firing tempera- 
tures were used—cone 12 and cone 18. All of the tubes were fired 
in saggers. At cone 12 the MgO tubes were bedded in calcined 
kaolin while the rest were bedded in white sand. At cone 18 the 
MgO tubes were bedded in pulverized fused MgO and the others 
in calcined Al2Qs. 

Testing the Tubes. ‘Tests were devised to show clearly whether 
or not the bodies would meet the requirements set forth above as 
being the necessary requisites of a satisfactory tube body. 

1. Refractoriness. Cones were made up from each body and the 
cone of fusion determined in an electric furnace. 

2. Resistance to Sudden Temperature Changes. Pieces of tubes 
about 4 inches to 5 inches were heated to 900°C. in an electric 
furnace, removed and immediately placed in a heavy blast of cold 
air so that the air would blow against one side of the tube. In 
this test the outside of the tube and especially the portion on which 
the blast was directly blowing would become black very rapidly 
while the inside of the tube was still red hot. This is a very severe 
test and much more intensive than dropping the red hot tube into 
cold water or even partially immersing it in water. Those tubes 
which cracked in the cold air blast test were further tested by 
cooling other samples heated to 900°C. in air at room temperature 
and also by partial immersion in water. 

3. Imperviousness to Gases Without a Glaze or Slip. This was 
tested by making absorption tests in water. The samples were 
soaked three hours in water in a vacuum corresponding to 29 inches 
of mercury. This test also shows the relative density of structure 
of the bodies at the two firing temperatures and also as compared 
with each other in a given series. ‘This is important as the density 
of structure has a marked effect on the ability of a body to stand 
the sudden heating and cooling test. 

4. Warpage or Deformation. This was tested by placing 12- 
inch lengths of tube in the kiln, set in a horizontal position on knife 
edges to span 10 inches and then firing them to cone 12. 

Fire shrinkage was, measured by marking the dry tubes for 
shrinkage measurement before they went into the kiln. No 
measurement of drying shrinkage was attempted as the different 
bodies had to be worked at varying degrees of stiffness. 
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Results of Tests. In giving and discussing the results of these 
tests, let us first fix the standard by which any pyrometer tube 
body must be judged: In a problem of this kind such a standard 
is set by the requirements which such a body should meet and by the 
success with which tubes now on the market meet these require- 
ments. Mere refractoriness is easy to obtain and by virtue of its 
refractoriness a body has naturally in a high degree, ability to stand 
high temperature without warping. Imperviousness to gases is 
obtained by the use of a glaze or slip which seals the pore system 
on the surface of the tube. As a final criterion then, a tube body 
must stand or fall by its ability to withstand sudden heating and 
cooling, for by this property is not only its liability to accident 
measured but also the life of the tube in active service. 

Of the tubes now on the market only the two previously men- 
‘tioned were tested, as representative of the best German and the 
best American made tubes. The sample of Marquart tube tested 
was taken from the regular tube supply purchased by our laboratory. 
It is as you will remember a high Al.O3 tube. It is glazed with a 
refractory glaze to make it impervious. The sample tested had an 
absorption of 13.7 percent in terms of dry weight. ‘Two samples 
of this tube tested in the air blast test behaved similarly. They 
stood one heating and cooling from 900°C. to cold air blast safely 
but immediately fell into a dozen or more pieces upon replacing in 
the furnace at 900° for a second test. 

The sample of Norton pyrometer tube tested was furnished me 
for this purpose through the courtesy of the Research Department 
of the Norton Company. It is a bonded “ Alundum” tube made 
impervious to gases by a refractory slip or glaze to seal the outside 
pores. The sample tested had an absorption of 13 percent in terms 
of dry weight. Samples of this tube tested in the air blast test, as 
above described, stood ten repeated tests without a rupture of any 
kind. 

The results of the tests on the four series of bodies covered by 
this paper are shown in the following tables: 
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Discussion of Results. MgO Series. This whole series shows 
very satisfactory results, all members standing the sudden cooling 
test perfectly when fired to the proper maturing temperature. Any 
desired degree of refractoriness is developed. These tubes I have 
rendered impervious by the use of a properly constituted slip or 
engobe. I have used for this purpose a slip of body OA on the 
higher members of the series. They have a high thermal conduc- 
tivity and low coefficient of expansion, also high mechanical 
strength. Magnesium oxide has also a beneficial rather than a 
detrimental effect on the platinum thermocouple elements. 

I wish to make particular mention of body OA for low temper- 
ature work up to cone 12. This body besides standing the sud- 
den cooling test is practically non-absorbent, fired at cone 12, and 
would be impervious to gases without a glaze or slip. 

There is one precaution which would have to be observed in the 
use of MgO tubes, especially at high temperatures, and that is to 
support the tube when in use on magnesite brick. 

Al,O3; Series. This series developed tubes similar to the Mar- 
quart tube. These tubes stood sudden changes of temperature not 
by virtue of high thermal conductivity and low coefficient of 
expansion but by virtue of an open, porous body of proper density 
developed by the proper firing temperature. If too hard and too 
dense, they crack, and if too soft and punky, they also crack. 
Body OB at cone 12 developed a density which permitted it to 
stand one heating and cooling test and body 3 B at cone 18 devel- 
oped a density which allowed it to stand 7 repeated tests before it 
cracked. Bodies 1 B and 2 B undoubtedly developed similar den- 
sities of structure at intermediate temperatures. These bodies are 
all highly refractory, could be glazed, and make a fine, white, 
smooth tube of about the quality of the Marquart tube. 

Clay Series. The same remarks apply to this series as to the 
Al,O3 series, except that the working qualities of the bodies were 
not so good. Georgia kaolin substituted for the uncalcined 
North Carolina kaolin in the series would have made much better 
working bodies, but would have also changed the densities of struc- 
ture and therefore in all probability would have shifted the sudden 
cooling tests somewhat. As the series stands, body 1 C at cone 12 
stood 1 test and body 3C at cone 18 stood 6 sudden cooling tests 
before cracking. 
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Miscellaneous Series. This series developed one body, 3 D, at 
cone 12 which was quite satisfactory for a low temperature tube. 
Different samples stood from 5 to 6 repeated heating and cooling 
tests in the air blast before cracking. This body, however, is not 
refractory, fusing at about cone 16. 

General Conclusions. In conclusion we may say in general that 
pyrometer tube bodies are of two classes: (1) refractory bodies 
which stand sudden changes of temperature by virtue of the prop- 
erties of high thermal conductivity and low coefficient of expan- 
sion inherent in their constitutents, and (2) refractory bodies of an 
open, porous structure but of just the proper density to admit of 
the ingress and egress of heat with the least detrimental results to 
the body. - 

Refractory materials from which pyrometer tubes of the first 
elass are made are the best and safest. These include fused mag- 
nesite, fused alumina and fused quartz. 

Pyrometer tubes of the second class may be made from combina- 
tions of calcined and uncalcined Al,O3, kaolins and ball clays, but 
are of an inferior quality. 


DISCUSSION 


Dr. Sosman: I would like to ask what is the composition of OA? 

Mr. Montgomery: 15 magnesia, 55 Georgia kaolin and 30 
English ball clay. 

Prof. Parmelee: What was the temperature of the cold blast? 

Mr. Montgomery: I cannot tell you the exact temperature; it 
would vary somewhat. It was the air supplied by the compressor 
and would be practically room temperature. 

Mr. Frink: I have used fused MgO and have a little experience 
that may be worth mentioning. We made two or three hundred 
tubes, and used a composition something like that OA, substituting 
for the Georgia clay a little kaolin, 21 or 22 parts of the Georgia 
kaolin for the Georgia clay. We had a tube we couldn’t do very 
much with under certain conditions, those conditions being in brick 
kilns and hollow ware kilns, where they were burning coal. I 
don’t know exactly what the effect is, but apparently phosphorus 
has something to do with it; that is, we found on analysis that at 
the ends of these tubes there was found phosphorus. It comes 
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from the coal or somewhere. The tubes become quite porous to 
the gases and other elements deteriorated very rapidly, and we have 
gone back to our old tubes. 

Prof. Stull: I wish to make a correction. The MgO; used, 
when commercially prepared, is considered very pure. It is fused 
into a beautiful crystalline glass-like substance and used in that 
form. I might add that the cost, not including the cost of the 
MegCO; was 24 cents a pound. I think it costs on the market 20 
cents a pound. You can buy the raw material for 24 cents to 34 
cents; adding 24 cents to that, makes the total cost about 5 cents 
apound. ‘The cost, including the cost of current at city rates, was 
the cost of carbides; it didn’t include time; time is not counted. 

Dr. Parsons: There is one of our industries that requires pyrom- 
eter tubes, if they are going to make certain improvements; they | 
are very anxious to find out about that. They need another phy- 
sical characteristic, namely, that the tube shall have a specially 
good heat conductivity, so there may be a very slight lag in making 
the measurement in case of brass foundries and general non-ferrous 
alloys. I should like to know from Mr. Montgomery whether or 
not he made such tests on these pyrometer tubes, and especially 
whether or not he has made tests with other oxides like zircontum 
or cerium oxide for tubes of this character? They can now be 
obtained very cheaply, the zirconium oxide can be obtained more 
cheaply than the oxide of which Professor Stull spoke. 

Mr. Montgomery: I would say that I have not, so far, been 
able to carry on a number of suggested researches to continue this 
in the same line of work. I have not tried the other oxides 
mentioned and have not made any conductivity tests on the 
magnesite tubes. We know that magnesite brick is a brick of high 
thermo-conductivity. Just in a general way I know that fused 
magnesia has a high conductivity as has used alumina, but I have 
so far made no measurements or tests to cover that point, but hope 
to do so as the work continues. We are not through with it yet. 
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BY HOMER F. STALEY AND GEORGE P. FISHER, OHIO STATE 
UNIVERSITY 


INTRODUCTION 


The object of this investigation was to produce enamels for cast 
iron free from lead. There is a demand for such enamels; first, 
because they are specified for use in hospitals and other places by 
certain architects who fear that enamels containing lead might be 
poisonous; second, because enamels in which lead is replaced by 
other fluxes are sought by manufacturers in order to make possible 
the elimination of lead poisoning from among the workmen in 
enameling plants. 


EXPERIMENTAL WORK 


Outline of Investigation. It was decided to approach the 
problem in two lines of attack: 

I. The elimination of lead oxide from a commercial cast iron 
enamel. . 

II. The conversion of a sheet steel enamel (free from lead oxide) 
into an enamel that would work satisfactorily on cast iron. 

Method of Calculation. In this investigation no use was made 
of empirical formulae; but all calculations were based on the 
method of melted weights and fusibility factors described in ‘‘The 
Control of Fusibility in Enamels,” by Homer F. Staley, Trans. 
Amer. Cer. Soc., Vol. XIII, p. 502. This method was adopted 
because it gave an easy and convenient means of keeping the fusi- 
bility of all the enamels in the series practically uniform with that 
of commercial cast iron enamels. 

Method of Preparing the Enamels. Since it is not possible to 
get the same results by blending enamels as in enamels of the same 
composition melted separately, each enamel in all the series of this 
investigation was weighed out and melted separately in a gas- 
fired pot furnace. The fire was kept thoroughly oxidizing during 
the fritting process. The fritted enamels were tapped off into 
cold water, dried and finely ground. 
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Testing of Enamels. The enamels were applied by the dry 
process to small cast iron trials. The ground coat used was a good 
coat secured from an enameling plant in successful operation. 
The furnace used for heating the trials was a small gas-fired muffle in 
which oxidizing conditions were easily maintained. 


PART I 


THE ELIMINATION OF LEAD OXIDE FROM A COMMERCIAL CAST 
IRON ENAMEL 


As a basis for this part of the work, the commercial cast iron 
enamel designated as A 1 in Table I was taken. 


SERIES I 


THE REPLACEMENT OF LEAD’ OXIDE BY ZINC OXIDE 


This series was designated to replace as much lead oxide as possi- 
ble by zinc oxide; but as it was not thought advisable, on account 
of the danger of dull finish due to crystallization, to go above 150 
pounds of ZnO to 1,000 pounds of melted enamel, the last portion 
of lead oxide was replaced by barium oxide. Since, according to 
Staley, as cited above, lead oxide and zinc oxide have (when used 
in moderate amounts) the same fluxing power, pound for pound, 
in enamels, the substitutions were made on this basis. The three 
members of this series are given in Table 1. 

Description of the Trials. All enamels of this series had a good 
gloss, color, and were free from crazing. 


SERIES II 


REPLACEMENT OF ZINC OXIDE BY CALCIUM FLUORIDE AND FELDSPAR 


In this series calcium fluoride and feldspar were blended in the 
ratio of four parts by weight of fluorspar to one part of feldspar. 
The mixture was then substituted, pound for pound, for the zine 
oxide. It had previously been found by experiment that such a 
substitution in small amounts did not alter the fusibility of the 
enamel. Incidentally, in order to render the recipe more simple, 
the 15 pounds of CaO were replaced by an equal amount of Na,O 
from soda ash The members of this series are shown in Table II. 
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TABLE I 
Al A2 A3 

Melted Raw Melted Raw Melted Raw 
Veldspar*¥nc..- 422 .0 422 .0 422.0 422 .0 422.0 422.0 
Gals tae oe 12245 122.5 to 122 tO 122.5 122.5 
Borax-ceee eee 80.0 151.0 80.0 151.0 80.0 151.0 
NaisCOste Gat were 47 .O 80.84 AT .O 80 .84 47 .0 80 .84 
NaNOsewe woe 10.0 27 .4 10.0 27 4 10.0 27 .4 
BaGOs ese eee 10.0 12.9 30.0 38.7 70.0 90.3 
CaCO; 15.0 26 .85 15.0 26 .85 ot520 26 .85 
ZNO) ose hey sain 50.0 50.0 150.0 150.0 150.0 150.0 
Pb30,4 160.0 163 .0 40.0 40.8 RP ee Le 
RSTO) ay te iin ee ret 83 .0 83 .0 83 .0 83 .0 83 .0 83 .0 

999.5 999.5 999 .5 




















* The feldspar used in this investigation was Canadian feldspar of the following analysis: 


























so) Re ee eee SMa ESA Toyte OE LER tA OU cease iat ats She seR Ue DG OU ci tec 65.15 
Alo Qorte di aedeite: Coa O58 £ RAIS NE AVCLATE Gib 6 TS ERE ROE eRe ee 18.65 
Heng es lechNencPa seals ce eon at oa oR Fu ST a UE EDI TINE tC a 0.10 
AO) Sh aitdatad Sait ck Secs B a en See Rech alnnnys hee PTS ams Soe RS oe 0.18 
Hi0 O's Seon bidenres Bide. ea Steiade bole BBS Sra eee NE es SUR OEE ee Ee ee 10.88 
INGO oes schsbascin vores ake auc Wen coal a al cc Seer ee ae TRC I eet Ra i Oe ner 4.44 
15 UO Rae ee ON eo ee nine SRR WR NOME GAA LN Ab acelin hikes chohs. onion piaisa 0732 
99.72 
TABLE II 
A3 Bil BZ Be 
|Melted| Raw | Melted| Raw |Melted| Raw | Melted| Raw 
Heldsparei eves ee 422 0422.0 | 480.0) 480.0) 488.0) 488.0) 452.0) 452.0, 
OA i pian eat & ..| 122 .5122.5 | 154.5) 154.5} 186.0) 186.0) 242.5) 242.5 
Borax tah s7 eek Aa ee * 80.01151.0 | 80.0) 151.0) 80.0) 151.0) 80.0} 151.0 
Na,CO; 47.0; 80.84, 62.0) 107.0) 62.0) 107.0) 62.0) 107.0 
IN aN Op uae teeec es en coe 10.0) 27.4} 10.0) 27.4 10,0) 27:4 10.0) 27.4 
BaCO;3 70.0} 90.3 |. 70.0} 90.3) 70.0) 90.3) 70.0) 90.3 
CONGO ce emetic Cee me UD 20) 20 VSO se Pe ae ea ee een ae 
TOL fs wide EE 150 01150 20.7 1100" T1000) 70-0) 70.08 eee 
Pa sO anv sina eset ade SH SCN PRIN, 5 ER eae ee 
Sn Osos chee! Maer ee 83.0! 83.0 | 83.0) 83.0) 83.0) 83.0). 83.0) 83.0 
999.5 999.5 999 .0 999.5 
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Description of the Trials. All the enamels of this series, with 
the exception of B 3, had good gloss and color. In B 3 the color 
was good but the gloss had deteriorated somewhat. There was 
crazing in B 2 and B 3. In commercial practice, it would prob- 
ably not be advisable to go higher in CaF, than the amount shown 
in Bl. : 

CONCLUSIONS FOR PART I 


In this part of the investigation, two good, glossy, leadless 
enamels free from crazing have been produced. These are those 
designated as A3 and B 1. 


PART II 


THE CONVERSION OF A SHEET STEEL ENAMEL (FREE FROM LEAD 
AND ZINC OXIDES) INTO A CAST IRON ENAMEL 


As a basis for this part of the investigation, a good commercial 
sheet steel enamel was taken. Thisis shown in Series III, C 1. 


SERIES II 
INCREASE IN FUSIBILITY AND DECREASE OF FLUORIDES 


This series was designated to increase the fusibility of the sheet 
steel enamel and then to reduce the percentage of fluorides by 
replacing, pound for pound, a mixture of fluorspar and feldspar, 
in a proportion of four to one, by sodium oxide from sodium car- 
bonate. This substitution had been found by experiment not to 
affect the fusibility of the enamel. The “ Fusibility Ratio’! of C 1 
was found to be 1.5:1. The “ Fusibility Ratio”’ of cast iron enamels 
runs about 2.1:1. In order to bring the fusibility of C1 to this 
ratio, the following changes were made in the composition. The 
268 pounds of flint was replaced by 225 pounds of feldspar, 20 
pounds of cryolite, 9 pounds of fluorspar, and 14 pounds borax 
(melted weight). 

At the same time, for the sake of economy, the K2O in KNO; of 
C1 was replaced by Na,O, 10 pounds as nitrate and the rest 
as carbonate. This substitution has been found by experiment? 


1 See ‘‘Control of Fusibility of Enamels,”’ loc. cit. 
2‘*Control of Fusibility of Enamels,’’ loc. cit. 
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not to alter the fusibility of enamels. The composition resulting 
from these changes is shown in C 2, Table ITI. The replacement of 
the fluorspar is shown in C 3 and C 4, Table III. 

Description of the Trials. C1 was altogether too hard for use 
on cast iron. The enamel chipped off before the trials were cool. 

C2 had good color and showed no tendency to craze, but its 
gloss had been impaired, leaving a finish similar to a mat finish on 
glazes. 

C3 and C4 had good color and gloss, but were crazed. 












































TABLE I 
C1 he rer C3 C4 
“Melted| Raw Melted| Raw |Melted| Raw |Melted| Raw 
Feldspar...21.. 500.1 2) 225 4: 985-1 6 45006 @50Ne-4o2) moon el osetG 
Orvolite ea yee ene 170}... 170°, 190:) 190 |: 190" 190") 1377S atse 
Hluorspar.ict. seep eccs .) 100) M100 We TO9F 1 OO etec een er eters ene 
Boraxe elt LA Gee sae 128 | 241 128 | 241 
NasCO 2a toe oer aed Semen 33 Df te L704 2838-4) 2a5 4405 
NaN Os Je se a eee 10 20 10 De 10 27 
Blintés Scene ase 268 hs 2OB 2 ate. cose liedtiow ag saci ace as eae he ee tae oe 
Toms aa eta ixean oe Mer 43 GO.) co. ee ee ees Sasa eee ine man am ne Pee Paes 
SOs! ec. ere Fae eee 80 80 80 80 80 80 80 80 
1000 1000 1000 1000 
SERIES IV 


The object of this series was to attempt to decrease the fusibility 
of C4, Series III, so as to stop the crazing. It is well known in 
enameling practice that crazing can often be cured by making 
an enamel less fusible. The decrease in fusibility was brought 
about by substituting feldspar, pound for pound, in place of cryo- 
lite in D1, feldspar for Na2O in D2 and D8, and feldspar for 
both Na2O and cryolite in D4 and D5. The series is shown in 
Table IV. 

Description of the Trials. The crazing decreased somewhat as 
the compositions became more refractory but even in D 5, which 
was too infusible to be workable as an enamel, was still in evidence. 
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TABLE IV 
C4 D1 D2 D3 Ds cil, “Ds 
3 3 Z 3 E 3 
Geer a So) ee Pra ee Ss fa |e 
Sen a oe = | a a | Ss po 
Beldspar..-.. > 410 | 410 | 455 | 455 | 480 | 480 | 525 | 525 | 545 | 545 | 590 | 590 
Cryolite...:.... 137.1387) 392) 92/197 | 137} 1387 | 187-)- 92) 92) 92} 92 
BoraXacs sagen 128 | 241 | 128] 241 | 128 | 241 | 128 | 241 ; 128) 241; 128 | 241 
/ NasCOg 3 oa 53. 235 | 405 | 2385 | 405 | 165 | 285 | 120 | 207 | 145 | 250} 100 | 172 
NaNO ssi tessa: HO O27 bh 1On 27 O-) 27) 10s 2A FAO OF 
SnOoy aya te 80} 80] 80} 80} 80; 80; 80; 80; 80; 80; 80; 80 
1000 1000 1000 1000 1000 1000 























It is plain that this is one of the cases in which it is impossible to 
stop crazing by making the enamel more refractory. 


SERIES V 


Since, as stated above, it seemed useless to make further attempts 
to stop the crazing in C 4 by altering its fusibility, we decided to 
return to this formula, cut down the fluorides to an amount known 
to be safe in enamels for cast iron, raise the NagO to a maximum, 
and then to determine the effect of substituting other ingredients 
in place of part or all of the soda. The series is shown in Table 
V. 


Description of Trials. 

E1 Crazed badly, mat finish. 

E2 Good enamel, smooth finish, good gloss, no crazing. 

E3 Did not fuse down, a sintered mass. 

E4 Fairly smooth, but had a dull mat finish. 

E5 Beautiful gloss, crazed slightly, had a cream tint. 

E6 Semi-mat finish, crazed badly. 

E7 Beautiful enamel, fine gloss, no crazing, very white and 
opaque. 
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CONCLUSIONS FOR PART II 


In this part of the investigation, two good, glossy, leadless 
enamels free from crazing have been produced. These are desig- 
nated as E2 and E7. | 


TABLE V—MELTED WEIGHTS 



























































ex! El E2 E3 E4 E5 E6 E7 
Feldspars). 2.0 occc8 56 VELOC es ee a a a ea ee 
Cryolitest-.iaeeer LBL 20 ra) i ee 
BOvax eek tice 128)" 1284) => — — >| — 
Wi NO gis i an tiene ete 10 10| — — —- —_ —- — 
SOS .ee tone cee 80 80 | —> — => | oyna tle 
Nas G Oe tanene. Coes oe 935" e200 Ai. als Send Canina eee one keane P25 oa ea 
Bosses Oeeers ae as Gs ae pee eens DAs! Dein me taal ies en Mets Fis L251 25 
CaCO uu ao eae aatahte. AS A Yemee vol cat sal ne eaedis 250 sink Sai ca oe eee 
ANG Pee ee PCa Re CECI mee tb ME loa 250 | sasiecs Me eee 125 
Pgs 05 chats ae peel ae Ce epee | erage ae DOOM resale ieeeete eat 

1000 | 1000 | 1000 | 1000 1000, 1000; 1000, 1000 

RAW WEIGHTS 

C4 El E2 E3 E4 |- E5 E6 E7 
Reldspares: ie os 410 | 410; — cate ly Jae > ee 
Cryolite. hue 1 ain 4 Ne ae el Meee Ho omen SPI Ore FS gM ce 
Borax eae eee 241 | 241); — — — — —> => 
INGNO sok ate eee 27 27°; = —- — — —-> — 
Snare oo eee ees 80 80| —- — — — — => 
NasCO3 Bis Vena dy sie net mee MALS tei eae 405 eo! OMe Ieee Ae i Ai aR DAR RE ee C ZED eee 
BiOgsisOr ee aes cae eeaes era AAD Pe oaks a ee ese 222) e222 
CaCOs..v.nirtca UC earn ree SAGES ogi A) I eee eee tee 
TnO™ Fee SERS EO a Te se aa QbO sec Ae 125 
PosO aids such eae he eee Ree ea es ee Ae RM RPE (oot oh 




















GENERAL CONCLUSIONS 





1. Four leadless enamels of good working properties have been 
produced. ‘These are designated as A3, B1, E2 and E7. 

2. In enamels of this type, crazing and Joss of gloss are liable to 
occur when the fluorides exceed 15 percent of the melted weight of 


the glass. 


See Series IT. 
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3. Enamels of the type usually used for sheet steel are too 
refractory and too high in fluorides to be used successfully on cast 
iron. See Series III. 

4. It has again been demonstrated that it is not possible in all 
cases to stop crazing by decreasing the fusibility of an enamel.’ 
See Series IV. | 

5. All the fluxing oxides in common use with the exception of 
PbO and B.O3 give a mat finish in enamels when used in excessive 
amounts. See Series V. 


DISCUSSION 


Mr. Flint: I would like to ask if there was any crystallization 
noticed in those enamels? 

Prof. Staley: We obtained a lot of enamels of low finish, distinct- 
ly mats in texture, that, considering the way in which they were 
obtained, we thought were crystalline; but the amount of opacifier 
in an enamel is so high that it is very difficult indeed to determine 
the presence of crystals, especially if they should happen to be 
small. We were therefore not able to identify positively the pres- 
ence of crystals; but we found, for instance, that whenever we in- 
creased the amount of any one oxide, except boric oxide or lead- 
oxide, to a rather high percentage—much above 15 percent—we 
gota dull finish. This would correspond to the super-saturation of 
the enamel with some substance that showed a tendency to crystal- 
lize out. I might say that some of the enamels were nice, bright, 
smooth enamels when hot, but on cooling they become mat, which 
would indicate that some crystallization had taken place. 





3 Homer F. Staley, ‘‘The Cause and Control of Crazing in Enamels on Cast Iron,’’ Trans. 
A.C.S. Vol. XIV, p. 519. 


NOTES ON MAT GLAZES 


AMOS P. POTTS, AMES, IOWA 


This study is designed to determine the limitations of the theory 
of matness proposed by R. C. Purdy at the Fourteenth Meeting of 
the American Ceramic Society.! 

The glazes are all calculated upon a normative basis. The 
normative minerals are varied within the following limits: 


{ Pbo, 4 SiO. = 0.1 to 0.6 equivalents 
| CaO, SiO: = 0.55 to 0.05 equivalents 
elie oachie (CaO, AleOs, 2 5102 = 0 to 0.3 equivalents 
pry 4 K,0, Al,O3, 4 SiO2 = 0.05 to 0.35 equivalents 
- | K20, AlOs, 6 SiO, = 0.05 to 0.35 equivalents 


Glass portion 


PbO, 4SiO2 is varied against CaO, SiO. from group to group. 
CaO, Al.O3, 2 SiOs is varied against combined potassium alumina 
silicates from series to series. KeO, AleOs, 6 SiO» is varied against 
K,0, Al,O3, 48102 from member to member. The ratio of glass 
to feldspathic portion is kept constant throughout. 

Division into groups is based upon the lead content. The group 
number corresponds to the number of tenths equivalent of PbO 
in the glaze. Division into series is based upon the KO content. 
Thus from series 1 to series 4, calcium alumina silicate is increasing 
at the expense of potassium alumina silicate. The RO combina- 
tions studied are shown in groups and series in Table 1. 

Each series is divided into members, as K,0, Al,O3, 6 SiOz replaces 
KO, AlsOs, 4 SiO» in steps of 0.05 equivalents. As the total content 
of potassium alumina silicates decreases from series to series, 
the number of members of each successive series decreases. Thus 
series 1 contains 8 glazes; series 2 contains 6 glazes; series 3 con- 
tains 4 glazes; series 4 contains 2 glazes. The silica additions 
from member to member within any series amount to 0.1 equiva- 
lent. The total alumina silicates are kept constant at 0.35 equiva- 
lents throughout the study; therefore all of the glazes contain 0.35 
equivalents Al,Os. The SiO. contents of the several glazes are 
shown in Table 2. 





1Trans. A. C. S., Vol. XIV, p. 671. 


NOTES 


ON MAT GLAZES 


TABLE I—RO COMBINATIONS STUDIED 
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GROUPS SERIES 
OXIDE : 
1 2 3 4 5 6 
PbO; Se eae an Crea 0 S50 4a Oo ge OG 
CaO esis ery erate ae 0.55-) 0.45 | 0.35 | 0.25 | 0.15 | 0.05 1 
KOU Ma nae Nets Or a5a0 sot) 0735,.|'0:35 20.35) 0.85 
PHOG Ree eee ds oe. Oma On2 to 0:30 0:45 8025 1 "06 
Came tie mpatay tyy ca- 9 bs 0.65 | 0.55 |.0.45 | 0.85 | 0.25 | 0.15 2 
Le ON ate. Sea eee ae 25025 1.0525. 1 0225: 101.25) | 0025 
PhOs peered xk. OO 0. 3.10.4. 0.5. 1006 
OKO RUS bank ae On 7or0G) 65.1°00550\0745.170 25. 0°25 3 
TOs mare Ane Oh. Gils Oetoa 0.15100 15 \0.15-| 0.15 
PH OW Re enamine te Gave eOe2 0 Ser i04 1°0,5°1-0..6 
Ca OPE ites ot 0.85 |.0.75 | 0.65 | 0.55 } 0.45 | 0.35 4 
POM ery ee. ax ches 0.05 | 0.05 | 0.05 | 0.05 | 0.05 | 0.05 
TABLE II—SILICA CONTENTS OF THE GLAZES 
Mermmlelecr teins ere a 1 2 3 4 5 6 
OU ST 2 el a ie da Mee ee ar DN 
pre Meee ete Milt Mf al yey sd eon [e jaune nee 
Sl Be 2n15 DE ROR eee te Sel Ss 
Ap 2.3 Bhs 22 2.15 Dal sinaltyaaee 
pie aie | pgm eh | 23 | 205, |* 2:2, | 2.75 
6| 2.5 2.45 2.4 2735 203 2.25 
; 2.6 2.55 2.5 2:45 2.4 235 
Si Se a 2065 2.6 2.55 B25 2.45 
imeoy ins 1B be eee ON Peer Geen eT RE eS 
2) 1.9 1.85 18 srg | Ma ad Nk 
; OAT 1.95 1.9 1.85 1.8 1.75 
OS ee : De eter P20 < |) 1.95, 1.9. | 1.85 
Bie 215 Died 2.05 2.0 1.95 
F 2 2126 2 2.15 DEL ee 2.05 
Lie neG eno ft 2) 1.45 1.4 1-36 
eisai Alon alse 1.65 1.6 1.55 15 1.45 
a aig 1S eels 1.75 ihe 1.65 1.6 1.55 
aes Saas) 1.85 1.8 1.75 shy! 1.65 
Say {3 1.4 1 as 13 1,25 12 1.15 
Ratio’ sah, Py NE oe as 1.45 1.4 ecole io 1s 
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PREPARATION OF TRIALS 


Batch Weights. The batch weights will be found in Table 3. 
In computing these, it was discovered that, in order to obtain the 
K,O0 from feldspar, too much SiO, was brought into the glaze to 
make possible the compounding of the lower members of series 1 
in all groups and also those of series 2 in groups 4, 5 and 6. 

Preparation of Glazes. The glazes were weighed in gram batch 
lots, and the weights repeatedly checked. ‘They were then ground 
in one-gallon ball mills with an equal weight of water for 30 minutes, 
and stored in glass jars until required for by dipping. ‘The glazes 
were applied by dipping on biscuit tile, # in. 2 in. 4 in. in size 
manufactured by the American Encaustic Tile Company of Zanes- 
ville, Ohio. Each tile was marked with a cobalt pencil with the 
number of the glaze applied. 

Burning. ‘The first burn was made at cone 4, and f was feared 
that at this heat some of the glazes would flow and cause the tile 
to stick to the setter. To avoid this, the setter was covered with 
a layer of kaolin, and the tile were set on this. The setter was then 
covered by a second setter, which had been washed with waste 
lead glaze, and the two were carefully luted together. Each 
setter contained, beside the tile, a small plaque of three shortened 
cones. ‘Thus for cone 4 burn, the plaque carried cones 3, 4 and 5. 
The tile were so distributed among the setters that no setter con- 
tained two tile of the same glaze. The setters were then placed, 
along with some other ware, in the No. 3 kiln of the Ohio State Ce- 
ramic Engineering Laboratory and burnt until cone 4 was down in 
about twenty hours. Upon drawing it was discovered that there 
had not only been no flowing of the glazes, but that the kaolin had 
so bleached the cobalt markings as to render identification of the 
glazes very difficult. Therefore in the succeeding burns the kaolin 
was omitted. The burns made were 


Hours 
Come 45 ics b hive Ba ere Eee ae ert ee 20 
COD: Bee Es oaks Gathwe Sash eget so Se Re ks Te oh ee ee 18 
Conte 08 go, ees hanes Bai Re ero eo oa ee ne 16 
Cone 07 3s. b kcal ein cal oe Be eo Dae ee Ge 14 


Glazes of groups 1, 2 and 3 were not burned at the two latter heat 
treatments. 
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_In but one instance (cone 07) was there a difference of half a 
cone in the different saggers, and in this instance the tile of one 
setter were thrown out. Two tile of each glaze were burned at 
each treatment, and it is remarkable how closely they resemble 
each other even to the shape of glaze in crawling. 


DESCRIPTION OF TRIALS 


As there are 101 different glazes burned at four different heats, 
and two tile of each at each heat, making 808 tile in all, no attempt 
will be made to describe the individual trials. On the other hand, 
a group description is offered in the accompanying diagrams. 

Explanation of Method of Diagramming. It will be borne in 
mind that as the series was designed, we have a variation of two 
silicates in the glass portion, viz., PbO, $ SiO. and CaO, SiO, and 
three alumina silicates in the feldspar portion, namely, K,O, Al.Os, 
6 S102; KeO, Al,O3, 4 SiO2, and CaO, AleO3, 2 SiOx. Therefore the 
effect of the glass composition can be studied from a bi-axial plot- 
ting and the effect of the feldspar variation from a tri-axial plotting. 
For reasons which will become evident, the variations of the 
alumina silicate portion will be discussed first. 

Figures 1, 2, 3, 4, 5, 6 show the effect of varying proportions of 
the alumina silicates with the glass composition constant. In 
studying texture such defects as beading, crawling and ee 
have been ignored. 


f 0.55 CaO 
| 0.10 PbO 


Cone 2. As the diagram indicates, none of these mixtures are 
more than vitrified coatings at this heat treatment, and in all of 
the mixtures in which CaO, Al,O3, 2SiO2 has been substituted for 
potash feldspar we have dry, unvitrified surfaces. The slight in- 
crease of SiO. from member 2, series 1, to member 8, series 1, has 
resulted in a very slight increase in the degree of vitrification. 

Cone 4. The diagram shows that at this heat treatment a con- 
siderable area of mat glazes has been developed, which includes 
all of series 2, most of series 2 and one glaze in the middle of series 
1. This area is surrounded by an area of vitrified coatings and 
series 4 remains dry, as at the lower cone. This is taken to indi- 


Figure I. Glass 0.6 SiO» 






















































































Group I 


TABLE II—BATCH WEIGHT OF GLAZES 

















































































































=i) | Sore SON eee 
WN | Ow bt oD ; Sine serahas 
opieo an Cl AS me ss) 
HH <H<H : SHH ee 
Re ee : We One A hae 
KK RR KR . 
Yr Yr : thy arts . 
s = . 
2 CO 00 00 00 Oo :: 
A rederian teeta noe coe reat 
KR KR iw : : 
a AN AN ANA: 4 
mM © eres x ve e . . 
oo : Sor Sou. ve 
SUIT MM | 10 10 : LO 10 129 ae 
oO . ib Os : ae 
SIS CE RU Ste Ce Besa, Sos a: 8 SS ee eee 
PSO] OMT ny ee eo ne RB teehee MOL hye tn ese ee 
NAN ; . . . 1010 . . . . rt rk . 3 : . . o 
ier 3 yates) io 8 is =a) 
JUL OMOOi: +: . Yo iidinel Gc) 1) NOnHoO - 
mNMo oO . . . . MmNNO . . Py ° meMeN oO . e 
oy heen) EO: ‘> Ono tO eae WOOO i.e: : 
ABID Ses fh oon fh cen fi oe . v G 2 resanenees ‘2 2 ‘ ° reaoxret es es 
fnew ol frit cuit 9 ID AQ ADAG eae cee: 1D 19 19 19 . 
OD = a 
N SHH SHH SHH HH HSH <H <H . 
E | PdSPPT | osesasap 2s: males otcn Ske ae onic on ea oe 
= OODOG - +: > OOOOH: +: : OOOO 7 =) mee 
EB Ss ie eee ie oh 
SUNITA . ° . . . . . . . . . . ° . . ° J e ° UU, ° > e 
ry Nell You ei Yoga ts ac D111 19191919 - > - 
Ly SEE OS Ps SONOS soe WOU = 8 
| 2000 C0100 Des Oy 1 Sts toe: 
PeerTory ky LD LD LD) LD aon: hehehe e 2 
NAAN | 19 i 9 19 Boeken : 
= Jf Qa a, | x 
hea} . . 
oooosco e|cococeo B| :eOCSCO : 
NA | OMCOHKOSO OO] mownmnnrem - ro) ‘ONWHO - 
HANG O : ANAS - - NO 
op 00.00. 00.0000: 20 00.20. 0D.G00D 20 20 09 00 00.00: 
ARID | ig igi9i9 191g + 1D 1DADAM9rq9igq - - 1D 1919191919 - 
CANA. e ANAAAA - - ANANAA - 
- ooooscso : : eesossc : : ocsscsceo :: 
a CONC CD MMM: OD OD OD CD CODD 
a reas wares ss re s . Se OD coe Bh ee BO cee Bh oe Oh ae | : ? Se Be OD oe cee oe ee | * 
a ae me ‘ 
2SO0CS @ See) Ss oocosco : 
SUINTM | 191910191015 - - 101020101019 - - CO ID AUD AD AQ rAqgz»gq --- 
BiG Occ + IDG wd Sad: - Sitiwixidi<i - - 
me eHeDAD0D + : CODOOS = : < t 
PROT OFM tas a aga es Meee: BRRKRRRBR 
ILNAANAA - - LDIDADADAGAD + : ES iod~ Pe eee 
| Hee aati SSeS ae Se oe 
way - -ONMHOSO - “MOM HKO - + *+ONWOHO 
| PRES mer NOD OD iano mesNN OD Bee ine mA N OD 
| aS iad 2 = - es - iene 
AED ose, Edad 
| . . . “4 
= ; “OOOOOOS | ESS SO RO COCO 1 LOowooose 
es HSH SH SH SH SHH + SHOSH SH SH SH OH » SHH HSH HH 
3 TeASPPT | --HABAAAGDGD - + DABAAD - *DABADD 
S| Den seen OO ee ce Oh cs Oe BO | Se A coos A oon OO eee i oe BO oe | SD ee ses oon OO oe Oo | 
to9) aes: 
roeceeseeo P1eeeseeoe 5 oeseescoe 
Sut} M 10.19 19 19 191909 - 1019 19 19 1919 + +1919 10 19 1920 
19 219 215 15 16 1415 a - OM MMM GS 
| | +00 2 00 09 00 00 2 : 1 OOOOOS Dor SH SH SH SH HH 
PROT OFIGM | +19 291919101019 eS a ey ee os Oe 
“ANAAAAA | 1D 1 19) 19 19 19 - ON RRRRE 
URGWaW | mK 1d O b~ 00 HNO HID ONO HNO HIN On CO 


TABLE I1—BATCH WEIGHT OF GLAZES—Continued 
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cate that the substitution of CaO, Al,O3, 2 SiO, for a portion of 
the K,O, Al,O3, 4 or 6 SiOe is conducive to the development of a 
mat texture. 


{ 0.45 CaO 


| 0.20 PbO 0.55 SiO, 


Figure II. Glass 

Cone 2. Due to the increased fusibility of the glass portion, all 
of series 1 (potash alumina silicate) which were vitrified coatings 
in group 1 have become mat; also the area of vitrified coatings has 
moved across the diagram toward the CaO, Al,Os, 2 SiO: apex so 
as to include all of series 2; and series 3 seems to be about on the 
border line between dry and vitrified surfaces. 

Cone 4. At this heat treatment the effect of the greater fusi- 
bility of the glass is not so marked as at the lower heat. The area 
of matness has broadened but slightly as compared to group | and 


NOTES ON MAT GLAZES 635 


Trans. v7. Cer-Soc. bol AV aoe FOS 
Te as 





IS = N\OZS 
"VLO, 450,730 Cae , OaO O/5- OS? OOS, 3 
CLTGES Lywivolerts 420 Al Oz 4.51 O2> MeO ACG Coes 
0.45 CAO S/O 0.45, CaO : 
0.20 PLOs 5/0> } GOSS FOrwlior7 on DO OFF F/Qp 
now includes all of series 1, 2. and 3 with 4 still dry and unvitrified. 
It will be observed that on this diagram, asin the majority of cases, 
the boundaries of the several areas are parallel with the potash 
alumina silicate axis. 


f 0.35 CaO 
| 0.30 PbO 


Cone 2. This figure illustrates still further the effect of the 
increased fluidity of the glass portion. Series 3 has now become 
the boundary between vitrified coatings and mat surfaces. Series 
4-is still dry; but series 1 and 2, while still of the mat texture, show 
marked evidence of boiling. 

Cone 4. This figure introduces a new complication. Members 
1 and 2 of series 2 are clear glasses more or less bubbled; member 3 
of this series and members 1, 2 and 3 of series 3 are mat in texture 


Figure III. Glass 0.5 SiO. 
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and also boiled, while the rest of the glazes, with the exception of 
member 1, series 4, are mat. This is the first instance of a varia- 
tion between K.O, Al,O3, 4 SiOz. and KO, Al,O3, 6 SiO2 producing 
a marked effect and in this instance the very slight increase in 
SiO2 seems to correct the boiling and in one instance to change a 
clear bubbly glass to a bubbly mat. 


J 0.25 CaO 


Figure IV. Glass \ 0.40 PhO 


0.45 SiO» 


Cone 07. Series 1 is all mat. 

Series 2 is on the border line between dry and vitrified surfaces. 
Referring back, it will be seen that in degree of maturity these 
glazes are at cone 07 about midway between those of groups 1. and 
2; at cone 2 the substitution of 0.25 PbO, 4 SiO. for 0.25 CaO, 


*. 
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SiO. has lowered the heat treatment necessary to produce this 
degree of fusion about 9 cones. 
Cone 03. Series 1 are mat. Series 2 are bubbled mats. Series 
3 are about the border line between mat glazes and vitrified coat- 
_ Ings with a more or less mat surface. 
~ Cone 2. All the glazes are badly bubbled at cone 2. Those of 
series 1 are clear glasses full of bubbles, while those of the other 
series are boiled opaque masses with more or less of a mat texture.. 
Cone 4. All glazes are badly bubbled, the lower members of 
series 1 and 2 being clearer than the higher members. 


0.15 CaO 
0.50 PbO 


Cone 07. Series 1 are mat. Series 2 is the boundary between 
vitrified surfaces and mat. Series 3 are dry but apparently close 


Figure V. Glass f 0.4 SiOz 
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to boundary between dry and vitrified coatings. Series 4 are dry. 
Again on referring back, it will be seen that these mixtures approach 
very closely the degree of fusion at 07 exhibited by those of group 
2 at cone 2. : : 

Cone 03. Series 1 are bubbled clear glazes. Series 2, members 
2, 3 and 4 clear glazes; 5 and 6 are bubbled clear glazes. Series 
3 and 4 are hard mats. 

Cone 2. Series 1 are bubbled clear glazes. Series 2, number 1, 
- are good clear glaze; the balance are bubbled. Series 3, numbers 1 
and 2 are bubbled mat glazes; 3 and 4 are smooth mats. Series 
4 are badly boiled mats. 

Cone 4. All glazes are bubbled or boiled. It will be noticed 
that in the series in which the mixture is mat, a slight increase in 
silica will correct the bubbling tendency, but in those in which it 
is clear and bright the increase of silica increases the bubbling tend- 
ency. Compare series 2 at cones 03 and 2 with series 3, cone 2. 
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Figure VI. Seal 0.60 PbO 
Cone 07. Series 1 and 2 have mat texture. Series 3 is on the 
boundary between vitrified surfaces and mat texture. Series 4 is 
dry. 

Cone 03. Series 1 are bubbled clear glazes. Series 2 are bright 
clear glazes. Series 3 and 4 are mat glazes. 

Cone 2. Series 1 and 2 are bubbled clear glazes. Series 3 are 
mat glazes. Series 4 are bubbled masses, mat in texture. 

Cone 4. All are boiled or bubbled. 

Summary. A study of the six figures reveals the following: 

1. Each of the mixtures in the process of fusion passes through 
a stage at which it has a mat texture. 

2. The fusibility of these mixtures is more dependent upon the 
composition of glass than of the feldspar portion. 


0.35 Si02 
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3. In nearly all cases, series 4, containing 0.3 CaO, AleOs, 2 SiOz, 
is more refractory than any other series, but among the other 
three there is very little difference. 

4. In but one or two instances did the change from K2O, Al,Os, 
4 SiOz to K.0, AleOs, 6 SiO. produce any marked effect. 

5. The evidence of these six figures confirms the theories pre- 
sented by Professor Purdy in every detail, except as regards the 
formation of the KO, AleOs, 4 SiOe, which does not seem to be 
effective as he would seem to expect. 

Variation in Composition of Glass Portion. As has already been 
shown, the introduction of K,O, Al,O3, 4 SiOe as a possible factor in 
the production of the mat texture seems hardly to have been 
justified; therefore, the study of the effect of the glass composition 
is very much simplified, as we can plot the average condition of 
the glazes of each series on a diagram in which composition is used 
as ordinate and heat treatment as abscissa and determine graphi- 
cally the areas within which the various mixtures will produce the 
mat texture. This is done in the following curves. 


Series 1—Feldspar 0.35 K:O, AlOs, 4 to 6 SiOs 
Pas 2—Feldspar 0.15 KO, Al,O3, 4 to 6 SiOz 
Out CaO, Al,Os, 2 S102 : 
Figure VII. { Series 3—Feldspar 0.15 K,0, Al,Os, 4 to 6 SiO, 
| 0.2 CaO, Al,Os, 2 SiO. 
| Series 4—Feldspar 0.05 K,O, Al,O3, 4 to 6 SiO 
L 0.3 CaO, AlOs, 2 SiOs 


These curves are presented as a single figure in order the better to 
illustrate the points of interest. 

1. It will be noted that it was extremely unfortunate that some 
of the glazes were left out of the cone 03 burns. This point was 
not noticed in time, but as the tile were grouped on being drawn 
from the cone 2 burn, we did not seem justified in including these 
glazes in the crowded lower burn. 

2. In every case the heat range at which the mixtures exhibit 
the mat texture advances regularly with decrease of Epo 4 S102 
and increase of CaO, SiOs. 

3. Those mixtures highest in PbO, $ SiOz in series 1 and 2 passed 
regularly with increased heat treatment from mat to boiled mat, to 
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clear glassy, to boiled glassy. In series 3, they remained mat over 
a considerable range and had not, within the limits of this investi- 
gation, shown any tendency to become clear or bright. In series 
4, the progress of fusion indicates a very abrupt passage from a 
vitrified coating of mat texture to a violently boiled mass. 

4. For low fire, cone 07 to 03, mat glazes (those of series 1) 
groups 4 and 5 seem to recommend themselves. For the range 03 
to 2, the glazes of series 3, groups 4, 5 and 6, are to be preferred. 
For mat glazes at cone 2 or above the glazes of series 1, group 2, 
seem most suitable. 

CONCLUSIONS 


The results of this investigation confirm in general Professor 
Purdy’s theories. The only modifications to his theory would be: | 

1. To belittle the effect of KeO, Al,O3, 4 SiO» 

2. To emphasize the effect of K,O, Al,Os, 6 SiOz, as compared to 
CaO, AleOs, 2 SiO2 in the low fire, cone 07 to 03, and in the higher 
fire, cone 2 to 4, mat glazes. 

3. To indicate that CaO, AlO3, 2 SiO, alone, or as the pre- 
dominating alumina silicate (0.3 or above out of a total 0.35) is not 
conducive to the formation of the mat or any other glaze texture. 


DISCUSSION 


_ Mr. Purdy: I would like to have a statement from the author of 
that paper as to whether or not this is a workable theory: My 
theory, you remember, was presented not so much as a theory of 
the cause of matness as a working theory for the development of 
the mat glazes. 

Prof. Potts: All I can say is that we have tried out the theory 
this year, therefore I would answer Professor Purdy’s query in the 
affirmative—it is a working theory for the production of mat glaze. 

Prof. Staley: In regard to the norm constitution of glazes, I 
stand sponsor for this in a way, being the first one to suggest it in 
our ‘Transactions. I might say that, to my mind, it is simply a 
method of calculation pure and simple. It is a means of obtaining 
anend. Ido not believe anyone has ever claimed that these miner- 
als do positively form. It is simply a method of calculation which 
amounts to variation of groups of oxides rather than variation of 
single oxides, as is the case in the use of the ordinary empirical 
formulae. 
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Prof. Potts: In doing this work I had no feeling in the matter; 
but I believe I understand pretty thoroughly why Professor Purdy 
offered the theory last year. It was our experience at the labora- 
tory of the University that we could not, by simple manipulation 
of the empirical formula, formulate a series of glazes with any 
assurance that we would have glazes of satisfactory mat texture. 
The limits are too narrow when stated in ‘molecular’ formula: 
so we adopted this as a means of attack. 

In devising the theory, Professor Purdy collected a number of 
formulae of mat glazes, calculated them on the normative basis, and 
found that they all conformed very closely to certain limits. For 
instance, he found no free silica or at most a vary insignificant 
amount: therefore by working on the normative basis and not 
putting in any more silica than was necessary to satisfy the norms 
we believed a series of glazes could be designed which would 
produce a mat texture. I think you will find that almost every 
glaze in this study that contained no free silica at sometime or 

other came through a mat stage. That is more than can be said 

of a series of glazes as extensive as this but designed on the mo- 
lecular formula. The only justification of the normative method 
of calculation is that it is a working hypothesis. If followed it will 
show you the limits within which a certain type of glaze can be 
produced, and these limits will be found wider and much more 
convenient for use than the limits determined by the exactions of 
molecular formulae. 

Dr. Sosman: The use of norms in glaze manipulation is a step 
in advance such as the petrologists made when they went from oxide 
analyses to normative analyses; that is, instead of expressing an 
analysis in terms of lime, alumina, silica, etc., they express it in 
terms of silicates with which they are familiar. This advances 
them one step in getting an idea of what is going to come out of 
theirmagmas. __ 

Mr. Bleininger: I should like to say in this connection that the 
very first attempt to calculate glazes was by what you might call 
a normative system. If you refer to Shumacker you will find he 
actually used this system in calculating glazes some years before 
Seger began writing his work. It might be interesting, historically 
to make this note. 


THE CLAY DEPOSITS OF OREGON 
BY SAMUEL GEIJSBEEK, PORTLAND, OREGON 


INTRODUCTION 


In the Pacific Coast States the clay-working industries are in 
their infancy. The demand for one kind of product is limited, and 
it becomes a necessity that a clay-working plant be able to produce 
different classes of burned clay products in order to operate suc- 
cessfully over a certain length of time each year. The common- 
brick makers with permanent kilns are usually also drain tile 
manufacturers. Face-brick plants are making hollow ware and 
drain tile as a side line, while the few sewer pipe factories are also 
making many kinds of products besides sewer pipe in order to 
keep going. While clay plants in the East use only one kind of 
clay to make all their product, conditions demand that clay-working 
plants along the Pacific Coast use three or four different kinds of 
clays for their varied class of burned products. 

A study of the clay deposits of any locality is, therefore, im- 
perative when satisfactory results are to be obtained. ‘The writer 
has been confronted ever since he moved to the Pacific Coast with 
the lack of information regarding the clays of this section. Little 
information is obtainable, and this has since proven to be of small 
value. 

In gathering information about various deposits and localities 
for his own use, the writer has done so with a view of having the 
same made permanent and available for general use. This idea has 
been partly carried out in presenting to the American Ceramic 
Society his paper on the ‘‘Clay Deposits of Washington” in 1911, 
and with the present paper on the clays of Oregon he continues this 
work. 

TOPOGRAPHY 


The mountain ranges in Western Oregon are separated in the 
northern part by the valleys of the Willamette River, while in the 
southern part they run together and form one mountainous region. 
The most westerly mountain range is called the Coast Range. 
The next range is the Cascade Range. This range divides the 
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state into two general sections. In the southwestern part of the 
state the Coast and Cascade ranges form the Klamath Mountain 
Range. In the middle part of the state, we have the eastern foot- 
hills of the Cascades, which form a large plateau in which are cut 
several valleys, the rivers of which are tributary to the watershed 
of the Columbia River. The best known of these are the Deschutes 
River with its large easterly tributary, the Crooked River, andthe 
John Day River, which traverses central Oregon and finds its source 
on the western slope of the Blue Mountains. The Blue Mountains 
form the eastern part of the state with the Snake River as the 
eastern boundary. In this section are found the valleys of the 
Owyhee and Malheur Rivers in the south, while the Burnt, Powder, 
Grande Rounde and Wallowa Rivers form the northern valleys 
with several smaller streams. 


GEOLOGY | 


The state has been rather neglected in the gathering of data 
regarding its geological formations. Dr. Condon! has published 
general descriptive material regarding the geology of Oregon, the 
U. 8S. Geological Survey has done a little work, but nothing has 
been done by the state. Recently a Bureau of Mines and Geology 
has been established, which should be in position to publish some 
valuable data at some future date. In the southern part of the 
state, mining has been carried on for a number of years, but no 
comprehensive reports have been made regarding the geological 
formations found there. 

An outline of the principal formations, as they are known so far, 
will be given without going into detail. Igneous rocks are found in 
the Blue Mountains, Cascade Mountains, Klamath Mountains 
and also in the Coast Range. In the gold belt of the Blue Moun- 
tains near Sumpter? small areas of gneiss of Archean age are found. 
The lava flows have been very heavy in the central part of the 
state, and the extinct craters and the higher peaks of the ranges 
indicate voleanic activity. No pure feldspar nor quartz deposits 
have been found so far. Near Roseburg some rhyolite has been 


1 Oregon Geology, by Dr. Thomas Condon, Professor Geology, University of Oregon, 1910. 
2 Gold belt of the Blue Mountains, U. S. Geological Survey by Waldemar Lindgren. 22d 
Annual Report, 1901. 
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found which is almost white. Rocks of Cretaceous age are found 
in several places, especially in the Cascade and Coast ranges. Ac- 
cording to Dr. Condon the Rogue River group in western Oregon 
and most of the Shoshone group in central and eastern Oregon belong 
to the Cretaceous age. J.S. Diller describes shales convenient to 
the railroad in the Bear Creek portion of the Rogue River Valley.’ 
The Jurassic rocks of the Grants Pass quadrangle consists mainly 
of dark shales, locally black, but weathering to gray, yellow or 
brown. None of these shales are worked at present. 

In the southern part of the state rocks of Eocene age appear on 
both sides of the Coast Range. The mountain group known as 
the Umpqua belongs to this age. The same formation is found 
near Philamoth and Corvallis, and in many ranges of hills between 
these two places and the Columbia River. For miles we find the | 
unbroken deposits of this Eocene formation, and it is in this forma- 
tion that the better grade of clays are found, and from which the 
better class of clay products are now made. 

The Rocky Mountain regions look to the Cretaceous age for 
their coal. According to Dr. Condon the Pacific Coast has later 
coal deposits of Eocene age, and much clay is found in connection 
with the coal. Central and Eastern Oregon have hardly any Eocene 
formation except east of the Wasatch Mountains. The balance 
of the state is covered with more recent formations, and most of 
the clays used so far are of the alluvial type. 


OCCURRENCE OF CLAY DEPOSITS 


The clay deposits of the state are so far known to a very limited 
extent, but it is safe to expect, that with continued investigation 
and development large deposits in different localities will be opened 
up. The deposits now being worked have furnished nearly all the 
clay products used in the state, and therefore little has been done 
towards the location of other deposits. A very small quantity of 
clay products has been shipped into the state, mostly from the plants 
located in Washington. 

The known clays may be classified into two groups: first, residual 
clays; second, sedimentary clays. 





3 U.S. Geological Survey, Bulletin 380. 
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Residual Clays. In several places in southern and eastern Oregon 
residual clays are said to have been found. These clays do not 
possess much plasticity and are hard to distinguish from the rock 
formation proper. In eastern Oregon they appear to have been 
products of rock decomposition, affected subsequently by the 
intense heat of volcanic action, and are now partly burnt and in 
some instances fused to a solid mass. Some fine specimens of 
this character of clay have been found to the south of Baker in east- 
ern Oregon. No kaolin deposits of a commercial value have been 
located so far. | 

Sedimentary Clays. Under sedimentary clays can be counted 
nearly all the clay deposits worked at present in the state. First 
there are the common surface clays and loams, principally found in 
the valleys of the river basins. In the Willamette Valley this 
class of clay is used for the making of common brick and drain tile. 
At Newberg, efforts have been made to use such clay for face brick 
purposes, but with little success from a commercial standpoint. 

Next there are the deposits of white, buff and red burning plastic 
clays. Judging from present indications and personal observations 
and examinations, the main belt of these clays runs north and 
south along the eastern slope of the Coast Range. ‘These are all 
sedimentary and are so far principally found in pocket formations 
and very much intermixed. In this belt clays have been found at 
Timber, Cherry Valley, North Yamhill, Carton, Willamina, Butler, 
Buena Vista, Bellfountain, Elmira and Cottage Grove, all within 
the limits of the Willamette Valley. 

The clays have been. classified according to their geological 
formation, but in order to give a better idea of different kinds of 
clay found and the purpose for which they could be used, the 
following classification according Dr. H. Ries‘ is cited: . 

Kaolins, 

Fire clays, 
Stoneware clays, 
Terra cotta clays, 
Sewerpipe clays, 
Pressed brick clays, 





4 Clays, their Occurence, Properties and Uses by Dr. H. Ries. 
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Face brick clays, 

Paving brick clays, 

Fire proofing and hollow ware clays 
Common brick clays, 

Drain tile clays, 

Slip clays. 

The different kinds of manufactured products made from the 
clays according to this classification, with special reference to the 
state are as follows: Kaolins are used in whiteware potteries and 
porcelain works, of which there are no establishments in the state. 
No good deposits of kaolin have been located thus far. 

Fire clays may be divided into high and low grade clays. Of 
the high grade fire clays no deposits have been found so far. Some 
clays have been worked and used for low-grade fire brick, but this 
material has not equaled the products imported from other states. 
No fire clay products are being made in the state. 

Stoneware clays have been found in several localities, but all 
_ have not proven to be good clays. The better deposits are worked 
and shipped to Portland, where they are used by the Pacific Stone- 
ware Co. in the manufacture of stoneware products. 

While some terra cotta clays of good quality are found, none of 
them are worked or used in the making of the finished product. 

Sewerpipe clays are also found in several places, but are worked 
only at one place and shipped then to the Western Clay Co., of 
Portland, the only plant of this kind in the state. 

Pressed brick and face brick clays are closely allied, and may be 
divided into the red, buff and white burning variety. There are 
three plants making red face brick, and only one of these, the 
Pacific Face Brick Co. of Willamina, is making buff and white brick, 

Some paving brick clays have been found and tested, and have 
given excellent results. These are, however, located some dis- 
tance from existing transportation lines, and none of them are 
worked at present. However, with the increased demand for 
better roads and brick paved streets in the cities, it will be only a 
question of time until such clays will be used in the manufacture of 
paving brick. 

Fire proofing and hollow ware clays are found at several places, 
and are worked by several factories. The demand for such clay 
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products is steadily increasing, and other yards are contemplating 
the manufacture of this class of clayware. 

Common brick clays are found all over the state, and, of course, 
are worked more than the others. There are some sixty brick 
yards, big and little, in the state of which the majority are soft- 
mud yards. The clays used vary from the best plastic clays to the 
poorest material, and the results obtained vary accordingly. Some 
yardsaremaking common brick which, with a little care in handling 
and burning, could be easily classified as face brick. 

Drain-tile clays are used by several plants, and the plastic brick 
clays are mostly used for that purpose. Drain tiles are in large 
demand in the western part of the state and several factories make a 
specialty of that class of clayware. 

Slip clays are not in demand in the state and have therefore never 
been used, although several deposits have been found and tested 
which would make good slip clays. 


GENERAL LOCATION OF PRINCIPAL CLAY DEPOSITS 


The government statistics for 1911, which are the latest available 
at the present writing, show 63 clay-working firms in the state, and 
therefore the state cannot very well be divided into districts. A 
short description of the principal clay deposits and their workings 
will be given, starting with the northern part of western Oregon, 
then taking the largest clay-working district in the state, which is 
Portland and vicinity, describing next the deposits lying south- 
wards in western Oregon, and closing with the deposits of central 
and eastern Oregon. 

Western Oregon. Around Astoria, near the mouth of the Colum- 
bia River, some good shales have been found. These shales belong 
to the Coast Range deposits, and have been worked for a year or so, 
but at present are idle. Towards the south.of Astoria, some white 
clay has been found in pocket formation, and was tested for the 
manufacturing of whiteware by Astoria parties, but no commercial 
development of the deposit has been made. 

Along the Pacific slope of the Coast Range near Tillamook, some 
good plastic red and buff burning clays have been found, and will 
be worked very shortly in the manufacture of brick and drain tile. 
These clays are round with very little overburden, and are all of a 
plastic nature. The color in green state varies from black to gray. 
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In the foothills of the Coast Range on the eastern slope, west 
of Portland, we find several well-defined deposits of good clays. 
On the line of the Pacific Railway & Navigation Co., between 
Buxton and Timber, the railroad cuts through several banks of. 
plastic clays, and shows that these deposits are very regular, and 
can be worked with little expense. None of these deposits have 
been worked so far, but much testing has been done, and manu- 
facturing enterprise will be started at some future date. At Forest 
Grove, Hillsboro and North Plains, we find brick yards making 
common brick and some drain tile. They are using the surface 
clays as they are found; very little stripping must be done, and the 
product is a good sound brick. 

In the Portland district, we have three brick yards working prac- 
tically the same clay. These are the Standard Brick & Tile 
Co., the Friberg Bros. yard, and the Portland Brick & Tile Co., 
all located in the western part of the city in the heights section. 
The first yard is located on the Canyon Road near Sylvan, the 
second yard on Varnes Road, and third is situated on Linnton 
Road.. The clay used by these plants is from a disintegrated ba- 
saltic formation and is plastic. It is obtained from an open bank 
and prepared for the brick machine by the use of disintegrator and 
smooth rolls. Friberg Bros. have used a steam shovel for several 
seasons. The main product of these yards is common brick. The 
Standard Brick & Tile Co. have used this clay for the making of 
hollow ware and drain tile, and have done some experimenting 
with the same for the making of sewer pipe. are 

Some years ago there were several soft-mud yards in East Port- 
land, but with the rapid growth of the city, most of these yards 
have been abandoned, the clay pits leveled and laid out in city lots, 
and only two yards are still in existence. These are the Versteeg- 
- Kern Brick Co. in East Portland. and A. N. Willis in South Port- 
land or Sellwood. The clay used by these yards is alluvial drift 
clay, and is obtained at the surface of a thickness of about five 
feet. It is quite sandy in streaks, and has been used only for 
the manufacture of common brick. In North Portland, near St. 
Johns, these surface clays have been worked for several years, but 
the yards have not branched out to any extent. 

In the vicinity to the south and east of Portland, there are sev- 
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eral clay deposits now being worked. At Beaverton a surface 
clay has been worked by the Beaverton Clay Mfg. Co. for the 
manufacture of common brick. Drain tile also has been made 
here by the intermixing of some plastic clay but with little suc- 
cess. The deposit is underlaid with a blue plastic clay, which 
has not yet been worked. 

A deposit of plastic red clay crops out along the Oregon Electric 
right of way south of Garden station, and has been traced eastward 
_ to the Southern Pacific Railroad near Cook. This clay is a better 
grade of plastic red burning clay, and has been tested yielding good 
red brick well adapted for face brick purposes. At Tualatin, a 
deposit of surface clay intermixed with gravel has been worked for 
the manufacture of common brick and drain tile. A deposit of 
better grade of clay has been opened and worked for a short time 
about a mile south of that place. . 

On the Cazadero Electric line, in the hills which form the water- 
shed between the Sandy and Clackamas Rivers, there are several 
deposits of good red burning clays. These clays, somewhat strati- 
fied, are brown-gray in the upper part of the bank, but further 
down they are blue gray. They are fairly plastic, work well, and 
are worked at Hogan by the Columbia Clay Works and at Ander- 
son by the Unique Brick & Tile Co. The plant at Hogan works 
these clays all the year around in the manufacture of common 
brick, hollow ware and drain tile; at Anderson only common brick 
are made. Excellent clays have been found near Eagle Creek and 
at Estacada, where a deposit was worked some years ago for making 
drypress brick but without success. 

Along the west side of the hills near the mouth of the Clackamas 
River, at Park Place, along the right of way of the Southern Paci- 
fic some buff-burning clays have been found and worked. These 
clays were used by the Pacific Stoneware Co. of Portland, and by 
Charles Fischer at Milwaukee. The clay of a semi-plastic nature 
is found in pocket formation with six to eight feet overburden. _ 
It stands considerable heat and has been used for fire brick pur- 
poses. The clay cracks much in drying, and its use for stoneware 
manufacturing has been abandoned. 

In Willamette Valley the most extensive development of clay 
beds has been done some distance west of North Yamhill by the 
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Western Clay Co. of Portland. The clays are extensively worked 
and belong to the clay belt mentioned before. The over-laying 
burden of surface clay is cleared off the main deposits, and the 
clay is mined in open bank and pit. The clay is shipped to Port- 
land to be used in the manufacture of sewer pipe, hollow ware and 
face brick. All the clay obtained here is red burning and plastic. 
A small plant at North Yamhill works the same clay, but from a 
different deposit. 

At Newberg, the Newberg Face Brick Co. operated a plant, 
which has since been totally destroyed by fire, using surface clay, in 
the manufacture of face and common brick. The surface clay has 
not proven a great success for face brick purposes, and the burned 
brick must be sorted to proper size. A new deposit of a plastic 
blue clay has recently been opened up, lying some twenty feet 
below the surface clay, and both clays are now used in a mixture. 
A surface clay is used at McMinnville by Jacob Seiters and at Don- 
ald by two small plants. The Donald Brick & Tile Co. is working 
the surface clay by the stiff-mud process. The Goode-Venhoo- 
missen Brick Co. is operating a soft-mud yard. Several smaller 
yards in this part of the Willamette Valley, at Schools, Canby, 
New Era, Sherwood, Woodburn and other places, use surface clay 
in making common brick and drain tile. 

The white and buff burning clays of the clay belt are worked 
on a large scale at Willamina by the Pacific Face Brick Co. of 
Portland. The clays are mined in the same pit and have a face of 
about forty feet. They mine a black plastic clay which burns 
white, a dark gray colored clay which burns buff, and a gray-green 
clay which burns red. There are other clays of different shades, 
but these are mixtures of the main ones. The clay is hoisted from 
the pit and stored. The greater part of the year the clays are 
worked direct and ground in dry pans, but in the wet seasons it 
becomes rather hard to handle the clay on account of the plasticity 
and stored clay is mixed with the clay as mined. ‘The clays are 
found as a distinct pocket formation and are so intermixed that it 
requires considerable care and attention to obtain the proper kind 
of clay for the different mixtures. At the north side of the pit a 
large deposit of reddish-brown clay derived from decomposed 
basalts is found and is used in the manufacture of clay products. 
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This deposit overlays the pocket formation of white and buff 
burning clays, and is over a hundred feet in thickness. 

Five miles west of Willamina at Butler are the White and 
buff-burning clay properties of the Western Clay Co. and of the 
Pacific Stoneware Co. both of Portland. The clays are well 
defined, and not much intermixed, and are found on the western 
slope of the hillside, having very little overburden. The clay of 
black and gray color had been found to a depth of about twenty 
feet and has been used by the Western Clay Co. for making fire 
brick. The Pacific Stoneware Co. has used this clay as their main 
body for several years. Outcrops of white and buff-burning clays 
are found still farther west, and some good prospects are located 
near Grande Rounde. Judging from a close examination of the 
section and its geological formation, these look promising for fur- 
ther development of clay properties and as soon as better railroad 
and transportation facilities are offered, more factories will be 
located there. | 

Large operations are carried on at Salem by the Salem Tile & | 
Mercantile Co. which is using surface clays, obtained to a depth 
of eight feet below the surface. The more‘plastic material is used 
for drain tile, and common brick is made of the sandy material. 
The State Penitentiary located here is using similar surface clay, 
in the manufacture of common brick by the soft-mud _ process. 

Near Albany, the Albany Brick & Tile Co. has opened a large 
deposit of good surface clay, and has been making common brick. 
The Corvallis Brick & Tile Co. of Corvallis is working surface clay 
for the manufacture of brick and drain tile. This company has 
been making fire brick from a buff-burning clay obtained near 
Bellfountain. The bricks have been used for fire box lining in 
brick kilns, and have stood up all right. 

At Dallas, Falls City, Airlie, Monmouth and Buena Vista, in 
Polk County, clays have been found and worked to some extent. 
Some of these are of the better grade of plastic red and buff-burning 
clays, but no extensive manufacturing has been carried on so far. 

A new clay bank has been opened up by Field Bros. at Monroe, 
to be used in the manufacture of common brick and drain tile. The 
clay is plastic in nature and burns to a good color. The same 
company formerly operated a yard about a mile west of Eugene, 
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where they opened a large deposit of plastic clay in disintegrated 
basaltic formation. W. A. Cook has been working a surface clay 
of a sandy nature several miles north of Eugene, and is making 
common brick from it. 

Along the new railroad from Eugene to Coos Bay, new clay . 
deposits have been located in making the railroad cuts. The clays 
at Elmira have been tested and will produce good brick and tile. 
White-burning clays of a plastic nature have also been found there. 
These clays have been worked only on small scale. 

_ At Cottage Grove, A. E. Gleason has been working a surface 
plastic clay for the making of common brick. White plastic 
clays have been found some distance east of Cottage Grove, but no 
development has been carried on. 

. South of Cottage Grove, in the mountains and hills of the Umpqua 
formations, the first deposit worked is at Sutherlin, where brick 
and drain tile have been made for years. The clay is found without 
overburden and is located along the hillside, evidently a washed 
clay from the original rock formation of the hills. The clay burns 
a good red color, and makes an excellent product. The Suther- 
lin Brick & Tile Co. is operating the deposits at present. 

At Roseburg a clay deposit has been opened for the manufacture 
of common brick. The clay used is also a surface formation. 
Around Grants Pass, some good clays are found in the valleys 
and used for common brick making. At Tolo, clay deposits 
have been opened and worked for brick and drain tile. The clay 
is of a plastic shaley nature. At Jacksonville, good clays are 
worked by the Jacksonville Brick &.Tile Co. for brick and drain 
tile. Surface clays are worked at Klamath Falls for the making 
of common brick. 

Along the Pacific Coast and especially in the Coos Bay district 
good clays have been found. Some of a shaley nature and are 
found in connection with the coal formations. None of. the de- 
posits have been worked, however, and the brickmaking in this 
section is confined to surface clays. There is a plant at Marsch- 
field and also one at Bandon for the manufacture of common brick. 

This will complete the description of the principal clay deposits 
of the western part of the state. There is no doubt but that this 
part of the state is well provided with good clays, and that ulti- 


656 CLAY DEPOSITS OF OREGON 


mately the clay industry will develop rapidly. It should, however, 
be borne in mind that this part contains also the largest amount of 
standing timber in the state, and that it is also not very densely 
populated. 

CENTRAL AND EASTERN OREGON 


The clay deposits of Central Oregon are not developed to any 
extent. This is due to the condition of the country. There are 
very few towns of any consequence and the whole country is 
sparsely settled; therefore clay products are not in great demand. 
A surface clay is worked at Prineville by McNealy and Bulger 
for the making of common brick. The Bend Brick Co. of Bend is 
also making common brick from a deposit of plastic clay. A good — 
shale clay has been found in this locality and has been tested for 
the making of sewer pipe, but the results were not very satisfactory. 

In several places along the Deschutes River, deposits of light 
brown-gray material are found. This material is very light in 
weight and does not disintegrate in water. If ground fine, it will 
show little plasticity, and will stand medium temperature. Judg- 
ing from an analysis made of such material, it appears to belong to 
the infusorial earth class. It has been mistaken for high-class 
fire clay a number of times, but it will melt to a glassy mass at 
temperature of about cone 14. 

In Eastern Oregon, the clay deposits are a little more developed 
than in Central Oregon, but not to such an extent as in Western 
Oregon. In fact, only common brick are made in Eastern Oregon, 
and there is a market large enough in that section for a face brick 
and also for a sewer pipe plant. At Weston, a brickyard is oper- 
ated by Harbour & Towery for the making of common brick. 
They are using a surface clay, consisting of decomposed volcanic 
ash, and are making good red-burning brick. These same parties 
are now operating the clay deposit at La Grande for the manu- 
facturing of common brick. The clay found there is a surface 
plastic clay and is worked without difficulty. 

A deposit of surface clay is used for making common brick at 
Baker. An attempt was made a few years ago to manufacture a 
better class of products from clay deposits some five miles south 
of Baker. Fire brick was the main attempt, but results have 
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proven that the deposits are not of commercial value. Some 
plastic white-burning clay has been found along the Oregon Short 
Line in the same locality, but on account of it béing intermixed 
with other clays no attempts have been made to use these deposits 
for manufacturing. 

The geological formation of the Blue Mountains, which form the 
main mountains range in the eastern part of the state, is such that 
there will be found at some future date good plastic white-burning 
clays and high-grade clay products will eventually be made in 
that part of the state. 


STATISTICS: 


From the description of the principal clay deposits which are now 
being worked, it can be easily judged that the value of the manu- 
. factured clay products is comparatively small. The statistics of 
the United States Geological Survey show that in 1895 there were 
68 clay plants, while in 1911 there were only 63. It cannot be said 
that the clay industry in Oregon has grown much in sixteen years, 
taking the total number of plants into consideration. 

The table given herewith will show a comparison of statistics. 


Number firms Total value of clay Number in rank 
Year. reporting. products. of all states. 
1 SOS SR ea hares, a hes 68 $138,543 o¢ 
QUT epee tact chs 63 263,891 37 
LOOG See RRS cette 63 506,192 35 
OL a ree ee ee he 63 1,080,025 2a. 


Of the 63 firms reporting in 1911, there were less than three face- 
brick plants. No vitrified nor fancy ornamental brick plants were 
in existence. Less than three sewer pipe and pottery plants are 
located in the state. Common brick were made to the value of 
_ $553,652 representing 66,267,000 brick, which were sold at an 
average price of $8.05 per thousand. The average price of face 
brick was $26.43. The total value of the clay products manu- 
factured in 1911 was 23.32 percent more than in 1910. 

The state ranks number 27 in the list of manufacturing plants 
of the whole United States according to the total production. The 
state of Washington, situated to the north, ranks tenth and Cali- 
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fornia, to the south, is number eight in the same list. Oregon, 
therefore, is far behind her neighboring states in the value of 
production of clay products. That not many new plants have 
been built or their number increased is best proven by the fact that 
there were more clay plants in the state in 1895 than in 1911. The 
value of the production, however, increased materially, and most 
plants therefore have enlarged their operations and are doing a 
‘larger business. 


NOTE ON THE POPPING OF LIME! 
S. E. YOUNG, PITTSBURGH, PA. 


In a wall plastered with lime mortar, there will occasionally be 
found small holes which seem to be due to parts of the plaster falling 
out. In practice this is known as popping or pitting. The cause of 
popping is not definitely known and has always been a subject of 
controversy between the contractor and the manufacturer. It is 
claimed by one that popping is due to an inferior quality of lime 
and by the other, to poor treatment in slaking and mixing. Nei- 
ther has been able to prove definitely who should be responsible 
for this failure and the matter is usually compromised. A test to 
determine whether lime will or will not pop would eliminate such 
controversies by preventing the use of improper plaster. The test 
used at present is to make a small panel of mortar and expose it 
to conditions similar to those existing in the wall. This test re- 
quires considerable time, causing so great a delay as to be generally 
impracticable, when dealing with a perishable substance like lime. 

Recently a thorough investigation of the subject was carried 
out and different experiments were made on mixes in which the 
impurities varied, which were burned at different temperatures 
and which were slaked with different quantities of water. The 
last variation seemed to be the most promising point of attack, 
and pats were made from lime slaked with different percentages of 
water. Ina lime paste where too little water was used to slake the 
lime, small gritty particles were observed. These particles 
slaked very slowly and could easily be found in the mortar at the 
end of a week or more. The observation of these particles led to 
the belief that they might be denser than the sand or other material 
and would consequently be less transparent. 

To investigate this theory a circular can about 6 inches in diame- 
ter and 8 inches in height, whose inner surfaces were silvered with 
mercury, is used. At the bottom of the can is attached a tungsten 
bulb of 40 watt capacity. In the center of the cover for the can 
there is a hole about 1 inch in diameter. A mortar containing 


1By permission of the Director, Bureau of Standards. 


660 NOTE ON THE POPPING OF LIME 


some of these particles was examined over the light, and dark, 
nearly opaque spots were found throughout the mix. ‘The posi- 
tions of these dark spots were noted and the mortar was exposed 
to the action of the air. In all cases where the spots were seen, 
popping occurred. ‘Those at the surface popped first and those 
which were more deeply imbedded showed signs of expansion 
and would eventually pop. Several duplicate mixes were made, 
using a clean white sand with the lime and spreading the mortar 
about one-sixteenth of an inch thick on a clean glass plate. Sam- 
ples made from lime slaked with a deficient amount of water 
showed. the spots and all popped; others made from lime slaked 
with an excess of water did not show any spots and did not pop. 
The popping occurring in lime burned during its manufacture was 
not so marked as in well burned lime, and the pats made from this 
burned lime stood up for a longer time. 

To determine whether or not a lime will pop, slake it with a suffi- 
cient amount of water to keep the lime from burning and mix with 
a clean white sand to a good workable mortar. Spread the mortar 
on a glass plate, keeping the pat about one-sixteenth of an inch 
thick and examine over the light; if spots are seen, popping will 
occur. : 


A PIONEER ATTEMPT TO USE FUEL OIL IN A POTTERY 
BY THOMAS GRAY, EAST BOSTON, MASS. 


In the first fourteen published volumes of the Transactions of 
the American Ceramic Society, it’is singular how few articles can 
be found on the subject of kiln firing, and especially on the use of 
oll-as a fuel. In looking over. my list of references to fuel and its 
application, I find only the following: 

“Crude Oil,’’ 8. G. Burt. Volume I, p. 48. 

“‘Calorific Power of Coal,’’ C. Geisson. Volume I, p. 69. 

“Producer Gas,’’ C. Geisson. Volume II, p. 38. 

““Hlectric Furnace.’’ Volume II, p. 192. 

“Hard and Soft Coal,’”? Thomas Gray. Volume III, p. 221. 

“Relation of Composition to Value in Firing,’ A. G. Aubrey. 
Volume IX, p. 7138. 

“Crude Oil for Firing Kilns,’’ C. H. Griffin. Volume X, p. 175. 

“Oil as a Fuel for Burning Ceramic Ware,” J. K. Moore. 
Volume XIV, p. 801. 

Then also as abstracts— : 

By H. E. Ashley from “Calorific Power of Coals,’’ Soc. d’En- 
couragement pour d’Industrie Nationale. Volume VII, p. 150. 

By C. F. Binns, “Fuel and Its Application,’’? from Pottery Ga- 
zette in May, June, July and August, 1904. Volume VII, p. 274. 

Throughout the publications there are some references to fuels 
and firing, but the above are the only articles having a direct bear- 
ing on this subject. 

The article of Mr. Moore in Volume XIV brings to my mind that, 
so far as I have ever been able to learn, the New England Pottery 
Co. under the management of Gray and Clark, was the first white 
ware pottery to experiment with oil as a fuel. I think I can safely 
make the claim that we were pioneers in that line. 

It was in the summer of 1892 that an agent of the Standard Oil 
Co. induced my late partner, Lyman W. Clark, to make the experi- 
ment. A 1000-gallon iron tank was sent from their works, and 
for safety buried on our wharf. The experiment was made under 
the supervision of Messrs. Gilbert and Barker of Springfield and 
Boston, Mass. They furnished a pump for forcing oil and steam 
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into the kiln fire boxes under a pressure of 12 pounds. A brick was 
placed before the flame as a distributor, but the tremendous blast 
of flame burned a hole in a very short time, and we were obliged 
to renew our spreaders. 

The kiln used was a regular up-draft, hard coal, hub fed variety, 
and we made no change for our oil trial. The mouths were bricked 
up a little more closely than they would have been in using coal, 
leaving a space 2 in. by 2 in., for the burner about 6 inches from the 
bottom. So far as I remember, the deposition of carbon gave us 
no trouble after the kiln was well heated. As it was over 20 years 
ago, I have forgotten some of the facts. 

Our first trial was with two fire boxes only on each side of the 
door of our 154-foot kiln. We found the oil would heat; and after 
two or three trials, we fired the whole kiln with it. The deposition 
of carbon at the burners kept the fireman steadily on the watch for 
the first twelve hours. After that they burned better. 

The kiln was finished in about the same time as with coal and we 
used about 2000 gallons of oil, making the cost, at 34 cents per 
gallon for oil, higher than if we had fired with coal. The effect on 
the ware was discouraging for it was covered with a greasy looking 
scum that could not be removed by washing. The results were 
no money saved and a kiln to repair before we could use it again. 
Oil at 12 pounds pressure was too great a trial for the kiln fire 
boxes. For a first attempt I considered it gave some encourage- 
ment. At 4 pounds pressure the results might have been better. 
Our philanthropy ceased at this point. We left the process for 
others to adopt, if they so desired. 

Mr. Burgess of the International Pottery of Trenton, N. J. 
made some experiments a few years ago which did not result in 
his adopting oil as a fuel. 

Mr. Burt in Volume I has an artiele on oil; but having lost my 
first three volumes, I do not remember what his experience was. 
Mr. Griffin of the Norton Emery Wheel Co. of Worcester, Mass., 
in Volume X, p. 175, furnishes his experience under the supervision 
of Messrs. Gilbert & Barker of Springfield, Mass., and I hope they 
profited by the experience they got from our trial. I notice they 
did not attempt forcing steam into the kiln and did try to mix in 
air. Mr. Moore, in Volume XIV, p. 801, uses a combination of 
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oil and air. He says “‘oil as a fuel is in successful operation in some 
plants.”’ Potters, however, still cling to coal, but prefer gas if 
they can get it. I saw at the New England Glass Co. at East 
Cambridge just before they moved to the West, a little oil burner 
that filled their whole melting pot with flame. It was surprising 
to see how much flame and heat the little thing could produce. 


DISCUSSIONS WRITTEN AFTER READING THE PAPER 


Mr. W. D. Gates: Mr. Gray’s efforts to get something definite as 
to the history of the use of fuel oil in burning clay wares interests 
me, and brings out the matter of getting data on these matters 
while they can be obtained. Hence I offer my personal recol- 
lections in the matter. | 

In 1880 a man, named I think Zeck, came to me with a fuel oil 
burner for boilers, and, I believe, had it installed somewhere in 
Chicago. I remember that one of his experiments was to take a 
‘gas pipe, heat it in a forge and bend it into a loop, so there would 
be a short circular loop in the middle of the length of pipe which 
could be heated red hot in the forge, leaving both ends distant 
from the point of heating. He then forced crude oil into one end, 
and this oil in passing through the red hot loop was transformed 
into gas, and on touching a match to the other end of the pipe, 
where the gas was escaping, it burned freely. He then, I believe 
patented his invention and equipped a fire box lined with pipe inside 
the fire box. It burned for a while but carbonized, and his pipe 
filled solid. 

At the first convention of the National Brick Manufacturers, 
when the association organized at Cincinnati in 1886, a repre- 
sentative of the plant at Pullman, IIl., stated that they were 
dredging clay from Lake Calumet and were mixing crude oil 
directly with their clay in the soak pits. This is the only instance 
of this use of oil I have ever known, and I do not think it proved 
efficient or was long continued. 

The use of oil was, however, begun very shortly by the Puring- 
tons in burning brick and was made very effective. The oil was 
sprayed in with steam and later on in some instances with air, high 
pressure being used in some cases and in some low. 
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We started using oil at Terra Cotta about this time, one reason 
being transportation. At that time, our tracks were not in, and we 
had to haul coal about a mile. We put in oil and a pipe line, and 
pumped the oil over. We thus solved our transportation problem 
and had a better fuel. We used steam at first and air later on. 
We changed back and forth from coal to oil and from oil to coal 
several times, our last change, and probably final one being this — 
present spring, and owing to the increased cost of oil. It was 
a fine fuel, but I think it has now passed into history owing to 
cost. The only matter of difficulty was its application, regarding 
which men differed widely. An extreme case of this was that of a 
small manufacturer who had never seen brick burned except in 
the common arch kilns and with wood. His plant was in the oil 
center and he had heard so much about oil as a fuel; that he de- 
termined to try it. He loaded a wagon with empty barrels, drove 
to a storage tank, dipped the oil out of the tank to fill the barrels, 
drove to his plant, started wood fires in his arches and then threw 
in oil by the bucketful, and reported a failure. He had no con- 
ception of using a fuel otherwise than by throwing it in as he did 
wood. 

The use of oil here in Chicago has been very extensive, the only 
_ drawback being price. The increasing demand for the various 
products of oil, even to road making, is forcing manufacturers to 
discontinue its use and making them look in other directions and 
use coal, in the use of which they are looking for better appliances 
and better applications even as they did with oil in the past. 

I consider oil as a fuel now a matter of history only, excepting to 
some few plants peculiarly located. 

Mr. Burt: Mr. Gray is correct in his statement that very little 
has been written on the use of fuel oil for oe burning. Hence 
a few points from the writer’s . years’ experience, with this 
fuel may be of interest. 

The Rookwood Pottery annas installed its oil system and 
began burning with this fuel in February, 1892, thus antedating 
the use mentioned by Mr. Gray by over three years. Since that 
time, oil has been used up to the present time continuously. The 
writer joined the Rookwood Pottery Company in August, 1892, so 
has been able to study the problem involved almost from the start. 


ATTEMPT TO USE FUEL OIL IN A POTTERY 665 


At first crude oil was furnished us, but this was only for a short 
time until sufficient refinery capacity was available to refine all 
the crude. ‘The fuel oil since supplied is the product remaining 
after the lighter oils, particularly gasoline and kerosene, have been 
distilled out. This fuel oil varies in specific gravity with the source 
of the crude and then again at times some kerosene may be left. 
Our experience covers the Ohio or Lima oil, which is the lightest, 
running from 33° to 36°, the Illinois and West Virginia, running from 
30° to 33°, and a few trials of Kentucky which proved too heavy for 
our use. The heavier oilsin cold weather flow very thick and, unless 
they can be heated, will not flow. In this range of oil, I have never 
been able to determine any great difference in heat units. As I 
began the use of Seger cones and the electric pyrometer in 1895, 
we were in 8 fairly good position to determine this fact, which was 
also confirmed by a Pennsylvania Railroad test. While I realize 
that we cannot claim priority in use of oil for burning clay wares 
I have never heard of any clay industry in this country using 
cones or pyrometer before 1895. 

Crude oil, as it comes from the ground, generally carries consid- 
erable alkaline water, and unless care was taken by the producers, 
we have at times had considerable water in our cars of oil. When 
the oil reaches us, we always screen it ourselves to insure clean oil 
in our system. Insurance companies, quite properly, will not allow 
a gravity feed, so the oil is stored in 10,000-gallon tanks below the 
level of the plant. From these we pump it into a small 500-gallon 
service tank; and to this tank apply an air presure, which forces 
it to the burners. This method has been criticised on the ground 
that it may not give an absolutely uniform pressure at the burner. 
By frequently renewing the oil, the slight variation is rendered 
negligible. The duplex oil pump, working constantly is the 
method usually employed. Burning oil in a kiln is a good deal 
like burning the old oil lamps; adjusted just right these gave 
perfect combustion; but permit the least lack of this adjustment 
and it was simply amazing what a smoke they would make. We 
find that the oil has a tendency to thicken in our storage tanks and 
often becomes a hard proposition for the pumps to handle. While 
we have a duplicate pumping system, still at times we have to 
shut down and overhaul pumps and oil supply pipe. With our 
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method this causes no interruption of the firing, since we always 
have a four or five-hour supply under air pressure in our service 
tank. 

With the oil at the kiln, the next question is whether you will 
spray with air or steam. Opinions differ, some favoring one 
method, some the other. We have always used air, and I believe 
it is by far the best. It is true that compressed air requires a 
special equipment while most plants have steam available, that 
steam is a better mechanical sprayer per se than air, just as a 
spray of steam for smoke abatement under the boiler is like a 
charge of shot while air does not have this effect, and that further 
the heat conveyed to the oil by the steam is advantageous. On 
the other hand, to burn the oil we must have the oxygen conveyed 
by the air mixed with the oil; this steam does not give us. The 
proper spraying can be gained by using a good burner, and we all 
know how hard it is to convey steam any distance without conden- 
sation. Another very important point is the danger of condensa- 
tion in the kiln during the early firing. No matter what kind of 
clay ware is being fired, the hot kiln gases will become saturated 
with water vapor from the ware, when the kiln is started. With 
every precaution there is always danger of condensation on cold 
ware. This condensed water carries sulphuric acid, the source 
of many troubles. So, it can easily be seen that it is anything but 
advantageous to introduce steam into the kiln at this time. - In 
using air, we have a perfect control of the fire at all times with the 
same ease in shifting from oxidizing to reducing conditions that 
one has in controlling the air on a bunsen burner. In our firing, to 
preserve our coloring oxides, we aim to maintain an oxidizing fire, 
and this the use of air enables us to do. One of the corporations 
in this country made careful comparative test of burning with air 
and steam. ‘They showed a saving of 30 percent using air over the 
same oils burned with steam. 

The’ next question is that of pressure. Again we have two 
methods, the high pressure and the low. Some systems have been 
devised and strong claims made for them in which the pressure 
used is only a question of ounces, while we are using a 24-pound 
pressure. Mr. Gray speaks of a 12-pound pressure; this would be 
classed as a high pressure system. Not to enter into discussion on 
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this branch of the subject I merely state that the high pressure has 
always seemed to me to be tne better method. 

We now reach the question of what burner to use. There are 
many different makes offered. I have tested some of these, but 
always found that for our conditions a burner we made ourselves 
is the best suited. I am not at all certain it would suit other 
conditions as well. It is an easy matter to test various makes 
until the one best suited is found. The air, oil and mixer should 
be separately controlled, and all parts should be easily accessible 
at all times. In burning oil, it must be remembered that the oil 
is a liquid which has first to be vaporized then gasified before 
actual combustion can take place. . The difference in burner is 
largely in the ability to vaporize the oil. When a burner delivers 
completely vaporized oil, gasification takes place very readily, and 
the oil can be lit with a torch and burned with a flame reaching back 
almost to the burner. With poor vaporization by the burner, 
this is impossible, and a spray brick must be used upon which the 
oil coming from the burner strikes. As soon as the fire box has 
become sufficiently heated to maintain combustion, this spray 
brick can be pushed aside. When the spray brick is necessary, it 
is an indication at once that the burner is not functioning per- 
fectly, and a deposit of carbon will soon be formed on the spray 
brick. Still, burners that have this defect may work all right when 
sufficient heat has been gained in the fire box. The first test of a 
burner, however, is whether it will burn in the open air with a 
little flame, not over a foot long, which in this case will reach 
right back to the burner. This is a very severe test which few 
burners will stand, and as I have said a burner should not be re- 
jected on this ground. The next test is whether when full fire is 
desired the burner supplies sufficient oil properly vaporized and 
mixed with air to burn with a clear fire. At no time during the 
fire should there be any smoke. I have tested burners that started 
off well and would carry a kiln to say 2000°, and then fail to properly 
deliver sufficient oil to advance the heat above this point without 
going over to a reducing fire. | 

When we started our oil burning, we had a great deal of trouble. 
Burners would be going nicely then suddenly go out. The cause 
was at first a mystery as all oil had been screened. We found 
out in time that the iron pipes conveying the oil were scaling, and 
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this scale was cutting off the oil at the burner. We had to repeat- 
edly blow out the whole system with steam. In time the pipes 
became ‘‘pickled,”’ as oil men express it, and this trouble ceased. 

With the oil burning all right, the next question and a very impor- 
tant one, is the proper fire brick to use in the kiln mouths. I tried 
practically all fire brick within reach, and even had special brick 
made, in my endeavors to find a brick that would stand the test 
of oil firing. I decided it could not be a question of excessive 
heat, as we Just reached cone 25 in the fire boxes; still the best 
fire brick would melt and literally pour down the cheeks. The 
oil gave no ash, and there was not sufficient heat, so what could be 
the cause? I stated in the beginning that crude oil carried with 
it alkaline water. This gave me the key to the solution. ‘The 
alkaline vapors formed in burning the oil were combining with the 
free silica in the brick. What I needed was either a basic brick 
or at least a neutral one and not an acid brick. At once I washed 
all brick with kaolin containing as little free silica as possible and 
found a decided advantage. The next problem was to find a 
fire brick made from a kaolin (not a fire clay) bounded with as 
little plastic clay as practical, the whole having the least possible 
free silica. Fortunately a brick of this character was found, and 
our fire brick troubles were reduced to a minimum. 

In our first trials, our fire boxes were built with low arches and a 
fire-brick, open baffle wall. We soon found we had no trouble 
in completing our combustion; in fact just the opposite was. true. 
The combustion was completed so quickly that the heat was all 
liberated in the fire box and grew so intense that the low arches were 
melted down in short order. So we took out the baffle wall and 
omitted the arch altogether, giving the heat every chance to get 
out of the fire box and up into the kiln proper. The fact that we 
produced a heat of cone 25 in the fire box in order to get cone 3 
in the body of the kiln explains the situation. It was this condi- 
tion which induced me to make the experiments previously reported 
to the Society, which aimed to transfer this excess heat of the 
mouth to the kiln by the dissociation of water vapor. This might 
seem to be an argument for burning with steam; but at 1000°C. if 
I remember correctly, only 50 percent was dissociated, the remain- 
ing 50 percent even at this heat not being dissociated. 

Burning with oil requires some experience, just as burning with 
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coal does, and some, who have tried it have been too easily dis- 
couraged. One white-ware manufacturer told me he had put in a 
full equipment, and then had given it up in despair after a few 
trials. In another case, I saw a kiln burning with oil that had 
smoke pouring from fire boxes and stack—a low pressure system 
by the way. One could easily imagine the probable results. Mr. 
Gray’s “greasy scum that would not wash off” was undoubtedly 
due to sulphuring which was entirely unnecessary. With care- 
less burning and poorly luted saggers, we had lead glazes form 
lead sulphate, a very insoluble product and the cause of terrible 
losses to the potter. On the other hand with careful burning we 
can burn lead or any other glaze, to say nothing of chrome-tin pink 
colors, right in the open with no saggers at all. 

The advantages of fuel oil are so obvious, that they need not be 
mentioned. As bad features, there is trouble to maintain joints 
tight and prevent leaks, and the fact that the rapid complete com- 
bustion liberates the heat in the fire box and heat is gained in kiln 
proper by convection only. I understand the Southern Pacific 
Railway at first abandoned the use. of oil for their locomotives be- 
cause they could not get fire boxes to stand the blast heat of oil 
burning. For crucible work this condition is ideal; but when you 
want the heat in the kiln and not in the fire box it is a different 
problem. The great objection to oil, however, is its prohibitive 
pr.ce. 

It seems probable that anything written about oil for fuel pur- 
poses today will merely serve as history. The considerable over 
100 percent increase in price for it in less than one year has brought 
oil to a point where its use by clay workers is out of the question. 
Moreover, all dealers seem to feel that no great reduction in this 
price is at all probable. A great deal of this grade of oil is used on 
roads, although I understand the state of California has abandoned 
the use of oil on roads after a thorough test. Marine boiler firing 
is taking constantly more fuel oil, and the internal combustion en- 
gine able to use as heavy an oil as fuel oil is an accomplished fact. 
Oil today is quoted at five cents per gallon, while producer gas 
plants claim to be able to compete with oil at three cents. So, if 
the price of oil is going to stay up as seems probable, any clay 
worker, it seems to me, would be very ill advised to install an oil 
burning plant. 


THE BRICK INDUSTRIES OF EUROPE 
BY G. WSON. CRONQUIST, SWEDEN 


It is a rather great subject your honored Secretary has given me 
to read a paper about, “The Brick Industries of Europe,’’ and I 
must at once say that I am not prepared, either by the needed figures 
and pictures or by experience, to talk over the whole subject men- 
tioned. ‘There are over twenty states in Europe, and it is only from 
about half of them, and at most the northern ones, that my expe- 
rience is taken, namely, Sweden, Norway, Denmark, Finland 
(Russia), Germany, Austria Hungary, Italy, Switzerland, Holland 
and England. A superficial chat about some things used in Europe 
but, perhaps, not here in brick and tile manufacturing is all that I 
can give, if you have patience to listen and if you will kindly 
beforehand excuse my poor English. | 

’ Raw Materials. The raw material used for brick making is the 
glacial surface clay; sometimes hard and containing limestone, 
often plastic and too wet to be used direct. Most of this plastic 
clay must be mixed with sand to avoid cracking and to decrease 
the shrinkage. The splendid shale for red burned, crude clay 
products that you have in the United States is very rare in the 
Northern part of Europe. There are, however, some shales in 
the south of Sweden and in Germany; but they are higher in alumina 
and are poorer in iron oxide than the shales mentioned above. 
They are fire clays, some of them among the very best known, and 
burn from cream yellow to a brown color. 

Manufacture of Fire Brick in Sweden. Time will not allow me 
to compare the different manufacturing methods of making fire 
bricks in the different states. There is, however, in the Swedish 
process of manufacturing fire brick from shale, an interesting point. 
Some of the shale contains coal thoroughly mixed by nature. This 
shale is laid in high heaps and lighted, burning in some months by 
its own coal to a very good gray. There are, however, other 
_ shales containing a little more coal, and this is used in gas produc- 
tion, whence we get gas for burning the fire bricks, vitrified brick, 
face brick, etc. The ashes from the gas-producer shales are used 
as grog for vitrified bricks or ground and mixed with some 5 percent 
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of milk of lime and pressed into brick. The ashes are hydrated 
and hardened in three to five weeks into a perfect brick for inside 
use, which is as light as wood and can be nailed like wood. 

Common Brick Manufacture. Common brick manufacturing is 
done entirely by the soft-mud, wire-cut process. Only in a few 
places in West Germany and in some places in England, where 
there are shales similar to yours, is the dry-press process used. The 
soft-mud process, formerly the hand-made process, seems now 
coming back as a result of the wishes of the architect to get rid 
of the wire-cut, soft-mud bricks with their smooth surface. But 
hand molders are now rare and expensive, which makes us have 
machines for making “hand moulded bricks,”? which are either 
water or sand molded. 

If we now follow along the process for making bricks or tiles, 
- we have: 

. Preparing and mixing of clay. 
. Pressing, forming. 

. Transportation to dryer. 

. Transportation to kiln. 

. Burning. 

Preparation and Mixing of the Clay. The surface clay is often 
plastic and mixed with gravel, sand or limestone. The last 
mentioned, as we know, is a bad -thing inside the brick and in 
grains more than two millimeters in diameter. For the better 
classes of wares, roofing tiles, hollow blocks etc., it is good practice 
to weather the clay one winter, and, after mixing, store it twenty to 
thirty days to get even distribution of moisture through the whole 
mass, increase the plasticity and decrease cracking. It is necessary 
to clean the surface clays from impurities, such as gravel, rock 
pieces and limestone, more necessary than for the shales that you 
grind. The wash mills are still used and are the best way at many 
roofing-tile plants. Different kinds of rolls are constructed and 
used and other systems, as, separators, Bohn’s and Diesener’s clay 
cleaners, etc. 

As the principles of the Diesener machine does not seem to be 
wel known in this country, it may perhaps interest you to see a 
sketch of it. Figure 1 shows the main points. Pressed at a cer- 
tain angle, depending on the property of the clay, against the 
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SECTION A-B 
DIESENER CLAY CLEANER 
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revolving cast iron discs, six to ten inches in diameter, is the column 
of unpurified clay mixture. Between a quarter inch sheet-iron 
plate and the revolving disc is a slit that can be regulated. The 



























































































































































Fig. 2 


clay strikes the disc and passes the slot. The gravel and limestone 
pieces, however, stop against the above mentioned shect-iron 
plate. A knife, moving backward and forward in the slot, cleans 
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away the rock pieces and lets them drop down on inclined grooves. 
The purified clay is scraped off from the disc by a knife and drops 
from there into the press. The capacity of this machine is not 
great, 5,000 to 10,000 bricks a day with normal speed and narrow 
slot (one-sixteenth inch); but it works very well, is especially 
suitable for roofing ti!e manufacturing and does not require much 
power, two to three horse power. 

The mixture of sand (grog) and clay passes through a pug mill 
and goes into the press, of which we have many of different con- 
structions. As we in Europe do not work with such stiff mud as 
is used here, the machines we have are not so heavy and strongly 
built. My experience with some clays is that they dry slower 
stiff than soft and yet there is of course less water in the stiff mass. 
It probably depends on the smooth, tight surface made by the 
press which prevents the entrance of the air. 

Figure 2 shows how we fasten the wire for cutting bricks. That 
is a nice thing for small yards since you can change wires while 
running. 

One of the most interesting inventions for forming tile by the 
auger machine is the making of hollow blocks with closed ends. The 
inventor is aGerman tile manufacturer. Figure 3 shows the princi- 
ple. Cut 1, Figure 3, shows a section of the die for hollow tiles. Cut 
2, Figure 3, shows how two dampers are filled and closed vertically 
through the die. The clay, pressed from beh'nd must fill the space 
between the core and dampers. Cut 3, Figure 3, shows the result 
of intermittent shutting and opening of the dampers, i.e., vertical 
walls are made. Small iron pegs, one-fourth inch in diameter, 
attached at the front end of the cores, serve as stops for the dampers 
and make small holes in the vertical wall. These holes serve as 
air passages in forming and especially in drying and burning. If 
it were not for these the blocks would crack very easily. By cut- 
ting the column we get a hollow tile closed at both ends. The 
cut at the bottom of Figure 3 shows such a tile. Of course, the 
cutting and operating of the dampers are connected together. 

The system has succeeded well on the European Continent. 
The advantages of such tile are evident: less weight, higher crush- 
ing strength, better insulation and less consumption of mortar in 
building walls. The tiles are used especially for reinforced roofs 
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made by concrete casting systems, but are also used to a large 
extent for insulation walls—outside against temperature, inside 
against noise. 
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Transportation to the Dryer. In ninety percent of all brick 
yards known to me in Europe, open dryers are used, more or less 
combined with the use of waste heat from the kilns—radiation or 
heat from the cooling bricks. 
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For carrying roofing tiles from the press to the dryer, we use the 
truck system because we employ a great many boys, girls, and 
women in our factories. The trucks have ordinary cycle wheels 
with rubber tires and ball-bearing axles. It is very easy for a boy 
or girl to wheel thirty-five interlocking tiles on such a truck. 

The greater part of the larger brick yards in Sweden are now 
fitted with the Svedala transportation system for bricks. Figure 
4 shows a perspective view of such a brick factory. You can see 
the men taking the bricks from the cutting table to the chain 
elevator on which the pallets rest. When a block of ten pallets, 
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containing 10 or 12 bricks each, has come to the right floor level, 
the elevator stops itself, and an automatic revolving truck is 
used to take them from the elevator. The pallets are lifted free 
from the elevator by lowering the lever shown in illustration 5. 
The truck is moved on a transfer car alongside the dryer and 
emptied by raising the lever. Figure 5 shows the method of 
filling the dryer from the transfer. By this system. we fill with 
brick the whole space above the kilns. 
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We use the radiated heat from the kilns for drying, together 
with the open air of course. The bricks are dried in from one to 
three weeks. They are then taken down on a chain elevator, 
similar to the one described above. The bricks, still on the pallets, 








ry 


Fig. 5 


are taken into the kilns by a revolving truck similar to the one 
already described, except that it is loaded on both sides and carries 
five pallets to a side. This low truck is used in order to enable it 
to enter the low doors of the kilns. By this system, we are able 
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to move the bricks from the cutting table to the setting gang in 
the kiln without handling. 

Figure 6 gives a view of a Swedish brick yard built on this system, 
containing two continuous kilns under the same roof and producing 
about fifteen million bricks a year. The heat radiated from the 
continuous kilns is not enough to run the yards the whole year 
round. The plant must therefore shut down about the fifteenth 
of October and start again in May. . Furthermore the clay would 
freeze in the pit and on the way to the yards. This is the reason 
the capacity of such a large factory is not greater. The size of the 
brick is another factor. ‘The common size of our bricks is three 
by six by twelve inches; they have about twice as much volume as 
your bricks, and of course they dry much more slowly. 





; OO. 7 


Another system for drying is shown in Figure 7. Here the 
dryer is not above the kiln but parallel with it and supported above 
-. the ground by pillars. The radiated heat from the kiln is drawn 
to the dryer by aid of wooden stacks, such as you use at the end of 
your steam dryers. The bricks are set in the dryer by an automatic 
truck similar to the one described above. A good practice employed 
at this plant is to accumulate the waste steam from the engine in 
daytime in the form of hot water and to use this for drying brick 
at night by allowing it to circulate through pipes below the dryer. 
Another advantage of this system is that the weight of the dryer 
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and bricks is not supported by the kiln, which, of course, expands 
and contracts on. heating and cooling. This system is especially 
suited to the drying of roofing tile. 

Another system for the same purpose is the Readata Witte 
dryer. The roofing tiles, coming from the press room on a chain 
conveyer, are distributed, lying on the pallets, into the upper part 
of the dryer. This is built with an inclination that causes the 
pallets to slide down when the dried tiles are taken away from the 
lower end. The principle here is that the tiles are sliding down in 
a direction opposite to that of the warm, dry air coming from the 
kiln below. Mr. Witte draws the waste heat from the cooling bricks 
through great iron tubes and forces it into the lower end of the 
dryer. In some large factories the radiated heat from the kiln 
and the waste heat from the bricks is not enough to dry all the 
material. They use a stove that seems to be cheap in operation and 
which produces 3,000 cubic meters of hot air a minute. 

Burning. Except in England, the discontinuous kilns, round, 
down and up draft, are not be to found much in Europe. Instead 
of that, the well known continuous tunnel kiln, Hoffman’s fine 
invention, is used in hundreds of different constructions. If you 
compare the prices of coal here and, for instance, in Sweden, and 
use, not dollars and crowns—they are not commensurable—but the 
worth of a workman’s day work, you will find that you get a ton of 
coal for half to one and a half day’s work here, but we must take four 
to seven days’ work in Sweden for one ton of coal. We have to pay 
an average of five times as much for the same amount of heat, 
using the method of calculation mentioned above. It is, of course, 
then clear that people must be more careful here to save labor, 
and in Europe to save coal. That is the reason why the coal- 
saving kiln, the continuous one, is used everywhere in Europe 
for any kind of crude clay products. The continuous kilns are well. 
known to all of you, of course, therefore, we had better pick out 
some interesting systems not so common. 

Figure 8 shows, for instance, a plan of the Muhlacher Brick and 
Tile Factory in Bavaria, built by the German kiln and drying ex- 
pert, Bulher in Constauz. The three kilns are all built on the same 
principle, zig-zag kilns. Mr. Bulher gets by this construction a 
very large burning channel on the same surface as the ordinary 
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tunnel kiln. He burns his kilns very fast, advancing the fire 100 
feet a day (24 hours) is not unusual, and. must use large fans for 
getting draft enough. The setting is done through the doors, and 
several chambers can be set at the same time. The product of this 
factory is thirty million first class, red-burning, roofing tiles a year; 
and it is supposed to be the largest and best equipped roofing-tile 
factory on the European Continent. ‘The tiles are dried by waste 
heat from the cooling bricks in the chamber dryer (to the right and 
left on the picture); and the common bricks are dried by com- 























Fig. 10 


bustion gases in tunnel kilns on cars coming direct from the press. 
The kilns are heated from the top by dropping the coal on the brick, 
as usual in continuous kilns. The feeding, however, is more 
frequent here, every five minutes. 

An old system for continuous kilns, cheap to build and, if made 
good, cheap to operate, is the tunnel! kiln built under ground. The 
first ones were constructed, I think, by Otto Boch in Berlin about 
fifteen years ago and are yet in good condition. Figure 9 shows the 
principles of this system of kilns. The upper one is a section of 
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a yard with the dryer above the kiln; the lower one with the dryer 
on both sides of the kiln. For water smoking you have to put in 
another flue. Many yards, especially for hand moulded brick, are 
using these kilns, but they have proved to be good ovens for tiles 
of different kinds, even for glazed ware. 

Figure 10 shows the way it is set and covered. This one has flues 
for water smoking (entrances shown on the wall). Combined with 
the electrical setting machine used in this country, you can hardly 
get a cheaper way for getting your bricks set, burned and unloaded. 
There are some methods used in Europe for making bricks that 
perhaps are not yet adopted here; but may be altered, of course, to 
suit the raw materials and local circumstances. 

If this talk may be of any use to the American clay manufacturers 
who have shown me so much courtesy during my visit, I will be 
very much pleased. 


GLASS STANDARDS: A NECESSITY 


BY ALEXANDER SILVERMAN, PITTSBURGH, PA. 


Much has been written about the chemistry and technology of 
glass, but, aside from the study of optical properties, little has been 
published regarding standards to which glass should conform for 
specific uses. In very recent years manufacturers of reflectors have 
begun to realize the necessity of photometric tests so as to permit 
of a proper distribution of light and enable the engineer to figure the 
location of units for areas to be illuminated. Onemanufacturer of 
lantern globes has each globe dropped a certain distance on to a 
pine plank and thus establishes a shock test. The globes are also 
placed over burners and, when hot, sprayed with cold water to 
determine whether they will resist the sudden change of tempera- 
ture. Both tests are important, especially the latter, for lanterns 
and lenses used as signals in railroad service. Chemical glass- 
ware has probably been subjected to more tests than any other 
type. Gauge tubes and bottles for carbonated beverages have 
been subjected to pressure tests. And so one reads now and then 
of others. A few abstracts from the journals of the past ten years 
may serve as examples of what has been written. 

Percy A. Walker in contribution No. 58 of the Bureau of Chemis- 
try of the United States Department of Agriculture gives the 
following tests for chemical glassware, which were printed in the 
April, 1905, number of the Journal of the American Chemical 
Society. 


Preliminary treatment. Wash article in pure water, fill, let stand at 20 
to 25°C. for 24 hours. 

Mechanical tests. (1) Fill beaker one-fourth with 10 percent solution of 
sodium chloride, evaporate to dryness on steam table, dissolve residue and 
repeat evaporation four times, heating beaker six hours after last evapora- 
tion. Wash and examine for cracks. (2) Fill 400 to 600 cc. beakers or flask 
one-half with pure water at 20°C. Place on platinum triangle over open 
flame 12 cm. high and 8 cm. from bottom of vessel. (3) Have vessel at 
20°C. and pour boiling water into it. 

Solubility tests. (5) Dry and weigh vessel, add 100 cc. of 2 percent sodium 
carbonate solution, cover, boil twenty minutes, empty, wash with water, 
hydrochloric acid, and again with water, dry and weigh. For beakers 
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return sodium carbonate solution and evaporate to dryness, uncovered, on 

steam table. (6) Repeat using 2 percent potassium hydroxide solution. 
_ (7) Repeat, using 4 percent ammonium carbonate solution. (8) Introduce 
100 cc. of neutral water, cover with platinum dish, heat 48 hours on steam 
table, make up to150 cc. Place 100 cc. in glass stoppered bottle, add 20 ce. 
ethereal solution of iodeosin (0.002 g. per 1000 cc.) and titrate with fiftieth 
normal sulphuric acid solution to disappearance of pink color. (9) Fill 
vessel with pure water, let stand 20 to 25° for 24 hours and determine elec- 
trical conductivity. 


Mr. Walker concludes that cracks resulting from test No. 1 
indicate poor glass, that No. 1 and No. 8 combined give an excel- 
lent idea of the relative merits of vessels tested, and that more 
than 0.4 cc. of fiftieth normal sulphuric acid in test No. 8 means 
a very poor glass. Alkali-lime-silicate glasses on the American 
market at that time were found to be of inferior quality. 

F. Mylius in the Zeitschrift fiir Anorganische Chemie, volume 
55, page 233, in an article, entitled “ EKosin and Iodeosin Reaction 
on Surfaces Prepared by Breaking,”’ states that the reaction should 
cease after one minute in glasses desirable for laboratory ware, 
that it may last from one minute to one day as a comparative 
weathering test sufficient for cut and polished objectives made 
of the lighter optical glasses, but that if the reaction is not passive 
after one day the glass should be rejected. He agrees with Follens, 
Landolt, Stock, and Heineman in the claim that anunfractured 
surface is not permeable to iodine vapors. 

Mylius, together with E. Graschuff, same journal, volume 55, 
page 101, “Alteration of Glass Containing Water,” claims that 
glass of the type mentioned, when heated under reduced pressure, 
becomes opaque and cracks or scales at 400°C. due to absorbed 
water. If glass is heated gradually, this may not happen. 

C. Jacobson, in the Apotheker Zeitung, volume 25, page 262, 
writes on “Alkalinity of Medicinal Glassware” and gives quan- 
tities of hundredth normal hydrochloric acid required to neutralize 
morphine precipitated from a hydrochloride solution contained 
in various bottles. 

F. Mylius and E. Graschuff in Sprechsaal, volume 43, page 217, 
tell how the etching of a small exposed part of a paraffined surface 
will furnish enough material for the detection and sufficiently quan- 
titative determination of SiC2, B:O3, CaO, BaO, PbO, ZnO, Sb.Os, 
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MgO, K:;0 and Na,O. They claim that the type of glass can be 
recognized in this way. 

Regarding the effect of sunlight on colorless glasses, R. A. Gort- 
ner writes that on exposure for from one to eleven months all 
specimens containing manganese, except Jena glass, turn violet 
and that specimens free from manganese did not show this change. 

EK. Rutherford in the Proceedings of the Manchester Interary 
and Philosophical Society, volume 54, number 5, states that glass 
exposed to alpha rays of radium emanations turned purple, and that 
the color zone extended 0.04 mm. under the surface exposed. W. 
A. Douglas Rudge, Nature, volume 78, page 151, also found that 
glass exposed to radium salts turned purple but that British South- 
African sunlight subsequently almost completely decolorized it. 

Robert L. Frink, Transactions of the American Ceramic Socvety, 
volume 12, page 585, in an article entitled “Requisite Properties 
of Glass for Mechanical Manipulation”’ recommends the use of a 
microscope, magnification about twenty diameters, fitted with 
polarizer and analyser and a selenite plate, red of the first order, 
for examination of glass to show strains and heterogeneity. 

_H. Hovestadt, in his book Jena Glass and tts Scientific and In- 
dustrial Applications, in addition to giving optical properties, speaks 
at length on mechanical and thermal properties of glass and the 
chemical behavior of glass surfaces. 

Other data might be cited, but the question would still arise, 
‘Have we a set of standards which can be applied in every day 
practice?’”? Our common American proverb, ‘Accidents will 
happen”’ does not state that precaution should not be taken to 
prevent them. ‘Tungsten lamps may have a shortened life because 
of the moisture content of glass in the bulbs. Lamp and gas chim- 
neys are cracking without apparent cause. Cased ware is con- 
stantly breaking because the two glasses employed in its manufac- 
ture do not have the same coefficient of expansion or even closely 
approximate it. Window glass frequently breaks at temperatures 
far below the boiling point: of water. Medicinal and food products 
sometimes undergo a change because of the composition of the 
glass containers. Bottles containing beverages carbonated un- 
der high pressure are apt to burst. One reads now and then of a 
plate glass window which is crushed by a wind storm when others 
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all around it are in good condition. Cases are on record where a 
break occurred without an apparent cause. Today plate glass, 
transparent, opal, or black, is pretty generally used for bath-room 
fixtures or for shelving for display purposes in shops. Pressed ware, 
especially bowls for semi-indirect lighting, is constantly being made 
larger, some manufacturers producing articles thirty or more inches 
in diameter. Containing large masses of glass, they are naturally 
very heavy. It seems all important that the manufacturer should 
take every possible precaution in the production of such articles 
to insure the user against accident through some fault in the article 
furnished. The composition and mechanical properties of a glass 
are exceedingly important. ‘Too much care cannot be bestowed 
on its “annealing” or, as a prominent glass specialist recently re- 
marked, ‘its uniform cooling.’’ 7 

Precautions are taken. Certain plate manufacturers have im- 
bedded wire to protect the user from accident by flying pieces. 
One inventor has placed a solution of celluloid between two plates 
and by subsequent pressure glued them together. ‘ The celluloid 
interlining, causing the glass plates to adhere firmlyand being 
tough, holds the splintered mass, and we have what is called an 
“wunsmashable” glass. It is hardly likely that all glassware can 
be so treated astomake it safe; the artistic must also be considered. 
Mechanical tests can, however, be made, thus lessening the element 
of danger. 

Color and composition should be standardized. Ruby glass has 
any color from the pure pigeon-blood of the gold product to the 
possible dirty brown of a copper glass. Opal glasses vary from a 
dense white to a homely fiery product or to the more recent trans- 
lucent and semi-translucent types in which the fire no longer shows. 
The transmission and reflection of light by opal glasses covers a 
wide range, and some of them are almost useless. The classifica- 
tion of transparent colorless glasses isimportant. A glass branded 
“Lead Flint” or “Lead Glass” should certainly contain enough 
“lead” to justify the name, and not large quantities of “lime” 
or other substitutes. It would seem only fair that the glass 
contain more than 50 percent PbO (by molecular equivalence) in 
the “‘base”’ materials entering the batch, excluding the alkali. 

The use of glass is constantly increasing. Our responsibility 


688 GLASS STANDARDS! A NECESSITY 


must keep the pace. A series of standards would help the con- 
scientious manufacturer as well as the purchaser, and the writer 
therefore respectfully recommends that the American Ceramic So- 
ciety appoint a committee of men, representatives of the various 
branches of the industry, to consider the possibility and advisa- 
bility of establishing standards. The United States Bureau of 
Standards would, in all probability, gladly coéperate. 

The writer has only occasionally suggested standards in this 
article, because he feels that the committee above mentioned can 
do so far more comprehendingly. It is sincerely hoped that the 
American Ceramic Society will take immediate steps in the matter. 


DEPARTMENT OF CHEMISTRY, 
UNIVERSITY OF PITTSBURGH. 


DISCUSSION 


Mr. Frink: Dr. Silverman I think has started something that’s 
a pretty big proposition, but it is all important to the glass manu- 
facturer, and not only to the glass manufacturer but to all users of 
. glass. Recently I made a series of investigations of 168 beer bottles. 
The purpose of the investigation was to determine the cause of 
beer deteriorating, or flattening, as it is called. I found a great 
many of these bottles to be so high in alkali that beer which was 
very lively before bottling became spoiled and absolutely no good 
to drink inside of four hours after it was bottled. 

I believe there is hardly a chemist who purchases chemical 
materials in any quantity, who has not seen his ammonia bottles 
covered with a white coating on the inside. I doubt if there is 
any housewife who has allowed the water from her well or from the 
hydrant to be placed in a glass vessel, and allowed it to stand for 
any length of time, without noticing a coating on the inside, many 
times attributed to the water, but I dare say more often due to the 
glass. I doubt if there is a brakeman or railroad man but has done 
some fine stunts in elocution at times when he found hislantern globes 
spotted by reason of the rain falling on them. Ido not believe there 
is a glass article made but what, at some time, in some factory, it is 
produced from glass so soluble that anything in a liquid form brought 
in contact with or placed in it is contaminated. For that reason, 
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standardization, as Dr. Silverman speaks of it, is very important. 
The other conditions he speaks of, I agree with him, are important 
but I do not think they are essential as they are in those situations 
where we have to rely upon glass utensils as receptacles for food 
and the like. 

I am informed that one of our large bottling concerns in this 
country a few years ago was brought before the Federal Food 
Commission because of catsup spoiling and their introducing 
something as a coloring matter which they should not introduce. 
This they strongly denied and were correct in their contention. It 
was not the material they used for coloring, but a chemical reac- 
tion which took place subsequent to the bottling that caused this 
condition, and the reaction was due to the bottle. Strange to say, 
one of the largest chemical manufacturers in this country, only a - 
- short time ago, was very much put out because they had bottled 
and stored’a considerable quantity of ammonia which was a com- 
plete loss by reason of the bottles which they manufactured. They 
were chemical people, and yet they did not employ a chemist to 
standardize their materials and get their vats and glass in proper 
condition. And so it goes. : 

Now there are one or two little incidents and notes I have made 
in regard to standardization. Dr. Silverman looked at me rather 
directly when he spoke of the iodine test as being no good. He 
also spoke of the solubility test as being of no value until the piece 
was fractured. I think that explains why the iodine test is of 
no value and I have found, by investigations made a. number 
of years ago, that the strength of glass largely depends upon 
its surface. In some instances I found that the removal of a 
three thousandth of an inch from the outside of a pane of win- 
dow glass reduced its strength close to 20 percent. For some 
- reason or other, this exterior surface seems to takea closer molecu- 
lar arrangement or hardening effect, which is analogous to a case- 
hardening; and therefore, unless that is removed, the iodine test 
or anything else, outside possibly of caustic alkali or hydrofluoric 
acid, would not affect it. If that surfaceis first removed by hydro- 
fluoric acid and then subjected to the iodine test, I think there are 
but few glasses which will not show traces of iodine penetration. 

As to the acid test and its use, I am using that today in making 
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these beer bottle experiments and determinations. In that test, 
I rinse the bottle inside with hydro-fluoric acid and then, after 
washing that out completely, until I got no acid reaction, I fill 
the bottle with distilled water, allow it to stand for a certain period 
of time and make my determination. 

Dr. Silverman spoke of the plate glass window blowing in. I 
had occasion, some five or six years ago, to try to account for two 
large windows in Cleveland, Ohio, blowing in. There was quite a 
. heavy storm, and I conceived the idea of taking a reflector and pro- . 
jecting a beam of light by the reflector through a nicol prism, 
through a diverging lens, so it would cover a large part of the win- 
dow. Then, by getting back into the store and taking another 
lens arrangement and nicol prism, interposing a plate of selenite 
‘between them, I found that the window, was covered with strains. 
The strains were so great that the window was nearly white, and 
that would mean that it was up almost to the rupturing point. It 
was only a short time after that the glass really did crack, and in 
several windows that I examined in that manner I found none 
but what showed considerable strain in various sections. 

Now as to the spray test as a standard, I am afraid that is some- 
what of a fallacy. If you take nearly any glass article, I don’t 
care what it may be, heat it to a proper temperature, and it is homo- 
geneous in its structure, you can apply all the spray you wish, and 
I doubt if you will crack it, or you may touch a piece of ice to it or 
run a stream of water down one side of it and it might not crack. 
You might try a thousand of them and perhaps not get over a few 
of them that would crack. On the other hand, if that same article 
was not homogeneous, it would break under identically the same 
conditions. If the strains should be introduced by lamination and 
some portion of that lamination came to the surface and you hap- 
pened to touch your ice to that particular point, it would be almost 
sure to break. I have seen cylinders of glass, 22 to 24 feet long 
and, due to a leak in the roof, a stream of water running down one 
side of the cylinder and causing no damage; and I have seen snow 
blow in on the cylinders and they did not break. On the other 
hand, I have seen them break in a million pieces. Conditions vary 
to such an extent, that I think such a test would be very unreliable. 

As to the use of the acid and ammonia test, I have read a good 
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many articles on this test made by various people by putting the 
glass in acid or filling the articles with acid or with ammonia and 
then making the test. I agree with Dr. Silverman in his remarks 
that none of these seem to get anything like important or concor- 
dant results. Distilled water is the only thing, and that must 
be boiled, I believe, in order to get results. 

Speaking of the absoption of glass, in Lancaster we have a little 
factory where they make projecting lenses for moving picture 
machines and automobiles. They delivered a great many lenses 
four inches in diameter, to some lantern people, and the lenses 
were returned with the report that they were absolutely no good; 
they couldn’t use them at all, they were frosted. The president 
of the company brought some of them over to my laboratory, and 
I saw they were frosted. I went over to a picture show in town, 
. taking over a couple of lenses put them in the lanterns, and inside 
of thirty minutes the screen was so dull that you could hardly see 
the picture. I took the lens out and found it was frosted over 
completely. I took the lens to the factory, put it on the polishing 
machine, polished it and put it back into the lantern, and it ran 
three months without any perceptible frost. We found, that in 
the grinding of the lenses, they had absorbed sufficient water for 
the alkali be become hydrated; then when the lens was put into the 
lantern, it effloresced, but when it was dry-polished it gave no 
trouble. Ihave recently found a bottle glass containing 283 per- 
cent of soda and only 2 percent of lime and 1 percent of magnesia 
and 2 per cent of alumina, which was so soluble that if left in the 
water long enough it would completely dissolve or disintegrate. 
It was found that after remaining a short time in water a scale 
would form which could be removed by very little agitation. 

Prof. Silverman: There are a number of Mr. Frink’s remarks 
_about which I should like to speak. In the first place, he doesn’t 
seem to agree with me in the matter of the spray test. I think 
that for lantern globes and signals, it is the only fair test you can 
make, because they are exposed to all kinds of weather, are struck 
by snow and rain and are subject to cold blasts of air. The tests 
should correspond as nearly as possible to the natural conditions 
to which globes are exposed. You cannot reproduce all of the 
natural conditions in the factory, but you can at least approximate 
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them. It occurred to me that a continuous chain arrangement of 
lanterns, in which the globes could be placed and sprayed when 
they reached the highest temperature, might at least eliminate a 
good bit of trouble. It would be a factory precaution which 
would increase the price of the lantern globe; but that increased 
price would be justified, if the railroads were assured of greater 
safety. 

Regarding the use of soda solutions for the testing of chemi- 
cal glassware, I think Mr. Frink made a statement that left an im- 
pression which he did not want to leave. He hardly wants to say 
that a glass which was attacked by soda or acids should not be con- 
demned for chemical purposes. 

Mr. Frink: Perhaps I did leave a wrong impression. I meant, 
as a means of standardizing for all conditions and for a scientific 
or practical determination of solubility, that the soda and acid test 
would be superior to the spray test. As to the spray test, I still 
cannot say that I believe that would be a very good standard, 
although it would perhaps in part distinguish between that which 
is good and that which is bad. Nevertheless, if that lantern 
globe which you sent out under the spray test happened to be lying 
at a certain angle on a brick and a flame came up and struck one 
portion of that globe a little more than some other, the spray test 
would not amount to much. : 

Prof. Silverman: But we are not supposing they are going to set 
them up at an angle on bricks and have the flames strike-them. 

As to the iodine test, the glass was placed in a tube, which was 
sealed and subjected to a high temperature for a long period of 
time to give the iodine every opportunity of penetrating. The 
statement Mr. Frink made is probably correct as to case harden- 
ing preventing the iodine from penetrating the surface. 

Mr. Frink: That brings up a subject which I will present to the 
Society. In the manufacture of window glass by the machine 
process, we make our glass substantially a tenth of an inch and an 
eighth of an inch thick. We ladle about 300 pounds into a pot or 
vessel and draw the cylinder up from the surface of the glass in this 
vessel. The conditions are substantially always the same. We 
will assume that the alumina in the glass is uniform and if a sample 
is crushed and analyzed, the alumina content is 2 percent. In the 
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single strength, the alumina found on the first three thousandths 
of an inch of the glass etched off will be probably 1.7 percent; but, 
if you should draw double thick of that same glass from the same 
pot, ladled in the same way, made from the same batch and same 
tank, and at the same hour, at the same temperature, the alumina 
in the first three thousandths of an inch of that glass may be 3 
percent while in the center it will be only 1 percent. What causes 
the alumina to come to the surface is what I should like to know. 
I do not want to be understood that these figures or their ratios 
always prevail, they are exaggerations given to illustrate that 
alumina is always higher at the surface than in the center of the 
glass, and that apparently the thicker the glass the more alumina 
comes to the surface. 


A STUDY OF THE RELATIONS BETWEEN FUSIBILITY 
AND HEAT RANGE IN GLAZES 


BY HOMER F. STALEY, OHIO STATE UNIVERSITY 


INTRODUCTION 


It is well known that glazes of any one type vary greatly in the 
length of their heat ranges. Some glazes are serviceable over a 
range of only a couple of cones while others, of very similar com- 
position, are good over a wide variation of temperatures. The 
object of this investigation was to make a systematic study of the 
variation of heat range in one type of glazes and to attempt to cor- 
relate this variation with some of the other properties of the glazes. 


EXPERIMENTAL 


The Glazes Studied. In order to have the problem as free as 
possible from needless complications, it seemed best to study the 
most simple type of glaze, i. e., the glossy raw lead glazes. The 
glazes were made from the materials ordinarily used in factory 
practice; potash feldspar, red lead, whiting, kaolin and _ flint. 
In accordance with the general knowledge that this is a favorable 
ratio for use in bright raw lead glazes, an oxygen ratio of 1: 2 was 
maintained throughout the entire series. The variations in com- 
position of the six base glazes -possible under these restrictions 
are given in tabular form below. 














GLAZE KO PbO CaO AlzOs and SiOz 
A high high low high 
B high low high high 
C low high low low 
D low low high low 
i low high low high 
F low low high high 














In order to avoid dealing with inconsequential variations of com- 
position, one tenth of an equivalent of RO or R,O3 was taken as 
the unit of variation. The compositions of the six base glazes and ~ 
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all the possible blends between these on the above basis are given 


















































in Table 1. 
TABLE I 
EMPIRICAL FORMULAE BATCH WEIGHTS 
GLAZE 

KG) | SEBO! CaO u | AleOs-|> S10: oe White Whiting) Flint chins 
A 0.30 | 0.70 | 0.0 | 0.30 | 1.90 167 180 0 Gn ean 
] 0.30 |-0.60 | 0.10 | 0.30 | 1.90 167 155 10 Gokaeees. 
2 0.30 | 0.50 | 0.20 | 0.80 | 1.90 167 129 20 G2) Ree 
B 0.30 | 0.40 | 0.30 | 0.80 | 1.90 | 167 103 30 Goes, 
3 0.20 | 0.80 | 0.0 0.20 | 1.60 EET: 206 0 DAS eet 
4 0.20 | 0.70 | 0.10 | 0.20 | 1.60 oe 180 10 24 sie 
5 0.20 | 0.60 | 0.20 | 0.20 | 1.60 111 155 20 DALI So tea 
6 0.20 | 0.50 | 0.30 | 0.20 | 1.60 111 129 30 DA Fie eee 
C 0.10 | 0.90 | 0.0 | 0.10 | 1.30 56 DB Ve 0 ADL es eee 
7 0.10 | 0.80 |-0.10 | 0.10 | 1.30 56 206 10 ADs) eee 
8 0.10 | 0.70 022075) 0210° "1-30 56 180 20 A) i leupmetiies es 
D 0.10 | 0.60 | 0.30 | 0.10 | 1.30 56 155 30 r  Ahioh es 
9 Heme SOs OL Ore Oe cOsleteO0et 611101206) 1. (00°) "80, -\ 26 
10 0-202) 0-70) 0:10:-| 0:30: | 1-90 111 180 10 30 26 
il 0.20 | 0.60 | 0.20 | 0.30 | 1.90 tid 155 20 30 26 
12 0.20 | 0.50 | 0.30 | 0.30 | 1.90 111 129 30 30 26 
E 0.10 ; 0.90 | 0.0 0.30 | 1.90 56 Zon 0 54 52 
13 0.10 | 0.80 | 0.10 | 0.30 | 1.90 Boat 206 1 ALO 54 52 
14 0.10 | 0.70 | 0.20 | 0.30 | 1.90 56 =180 20 54 D2 
EF 0.10-| 0.60 | 0.30 | 0.30 | 1.90 56 155 30 54 ae 
15 0.10 | 0.90 | 0.0 0.20 | 1.60 56 232 0 48 26 
16 02101-02800 10; | 0 .20°|.1-60 56 206 10 48 26 
17 OFL0. 0.700.260) |:'0..20: 1-60 56 180 20 48 26 
18 0.10 | 0.60 | 0.30 | 0.20 | 1.60 56 155 30 AS 26 

















For the purpose of our study, these glazes may be conveniently 
divided into three groups and the relations of composition (in 
terms of empirical formulae) of the members of the groups shown 
Of course 
in this method of representation there is necessarily some dupli- 


graphically by the use of parallelograms, as in Figure 1. 


cation. 


696 FUSIBILITY AND HEAT RANGE IN GLAZES 


Tras. Ar. Cér- Soc. vol XV Fig. / Staley 


A ti Pe, a 
=} 
. +4 
a 7 8 2 
© A Mg a B 


VE. 
Grouolll 








FUSIBILITY AND HEAT RANGE IN GLAZES 697 


Securing the Trials. The glazes were applied to soft-burned, 
white, wall tile and fired at cones 09, 02,4,8 and 10. The burns at 
the lower cones were made at the University, but the trials for cones 
8 and 10 were fired in commercial kilns. 

General Results of the Burns. The results of the burns con- 
sisted of a lot of bright raw lead glazes at various degrees of ma- 
turity. The fact that every glaze, which matured at all,came 
bright is ample justification for the general faith in the oxygen ratio 
of 1 :2 for bright raw lead glazes. 

Study of Heat Range. The trials representing the glazes in each 
of the three groups were arranged in the order of length of heat 
range. The “life history” of the various glazes was then plotted as 
shown in Figures 2, 3 and 4. In general we can say that the 
glazes varied widely in fusibility at the lower cones, but those 
which were more refractory at the low cones developed at a more 
rapid rate, so that at the highest cones there was little difference 
In all the glazes. This of course means that the more fusible glazes 
had the longest heat ranges. 

For an explanation of the peculiar eee inert assumed by the 
“life history’’ lines of the glazes, it is necessary to refer to physi- 
cal chemistry considerations. At the temperatures of our kilns, 
glazes are liquids, just as water, alcohol, oils, etc., are liquids at 
ordinary temperatures. It has been demonstrated within the last 
few years that molten magmas are subject to the laws of viscosity 
that ordinary liquids obey,! and, therefore, we should expect these 
liquid glazes to follow the same laws. Since the maturing of a 
bright glaze consists primarily of the development of progressive 
degrees of fluidity in the molten glaze, the viscosity-temperature 
lines of the molten glazes will practicaly constitute the ‘‘life his- 
tory”’ lines of the glazes. 

The viscosity-temperature line of any liquid, including molten 
magmas, takes the form of a parabola; in other words, the viscosity 
at first rapidly and then more gradually approaches a minimum 
value. Probably due in large part to the parabolic character of 
the individual curves, it has been found that where the viscosity- 


1 Jahrb. f. Mineral; 1908, II, p. 152; Electrochemie, XII, p. 578; Monatschefte, XXXII, p. 
643; Am. d. Physik., X XI, 287; Eighth International Congress of Applied Chemistry, V, p. 
12% 
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temperature lines of a series of liquids of the same general type 
are plotted, the curves may diverge widely at low temperatures 
but they tend to coincide at higher temperatures. A _ well 
known illustration of this behavior is found in lubricating oils for 
use at relatively high temperatures. A series of such oils will vary 
immensely in viscosity if tested at atmospheric temperatures; 
but if the viscosity is measured at the temperature at which they 
are actually used, little difference will be found. The plot of the 
viscosity-temperature lines will consist of a fan-like arrangement of 
parabolic lines. The writer has found the same relation to hold in 
plotting viscosity-temperature lines of molten borate glasses.? 
_ The only thing lacking to bring the action of our series of glazes 
under the general laws of viscosity for a series of liquids is to explain 
the absence of parabolic form in the lines as plotted. In brief, we 
have arbitrarily made the six stages in the development of the 
glazes of equal width. If we are willing to grant the almost 
obvious truth of the assumption that, as far as viscosity is con- 
cerned, there is a wider gap between a rigid dry glaze and a sin- 
tered glaze or a sintered glaze and one in the first boiling stage 
than there is between a glaze that is just mature and one that is 
fully mature or between a fully mature and a glaze in the second 
boiling state, we see that the lines representing the development of 
the various glazes should have been parabolic in form. 

Study of Crazing. Having the samples we made a brief study of 
crazing. The results are tabulated in Table II. It will be seen 
that the glazes with long heat range were also free from crazing 
over the widest range of temperature. The chief reason for this 
is that these glazes were fully mature over a wider range of tem- 
peratures than those with shorter heat range. The fact that im- 
mature glazes are prone to craze is well known. Thus, the width 
of the temperature range over which a glaze will be free from crazing 
is also largely controlled by viscosity-temperature relations. An- 
other possible reason is that these glazes contained the highest 
percentages of lead oxide, which substance seems to have a bene- 
ficial effect on the general working properties of glazes, as will be 





2‘'The Viscosity of Molten Glasses,’’ Eighth International Congress of Applied Chemistry, 
VOIOV, pe 12% 
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testified by those who have attempted to make leadless glazes for 
use at low temperatures. 

Relation of Theory to Practice. Factory practice in many 
branches of ceramics, including the making of glossy glazes, has 















































TABLE II 
. CONE! 
GLAZE a, 
02 4 8 
A Immature Crazed Crazed 
1 Immature Good Crazed 
2 Immature Crazed Crazed 
B Immature Immature Crazed 
mS Good Crazed Crazed 
4 Good Crazed Crazed 
5 Good Good : Crazed 
6 e Immature Good _ Crazed 
C Good Good | Good 
7 Good Good Good 
8: Good Good Good 
D Crazed Good Good 
9 Crazed Crazed Good 
10 Immature Good Good 
1B Immature Good Good 
12 Immature Crazed Good 
E Crazed Good Good 
i Crazed Good Good 
14 Crazed Good Good 
F Immature Good Good 
15 Good Good Good 
16 Good Good Good 
ilpre Good Good | Good 
18 Immature | Good Good 





1 No glazes free from crazing were found in the cone 09 burn. The glazes for the cone 10 
burn are not included as they were all overburned. None were crazed. 


been well developed for centuries. The only function the modern 
- ceramist can perform is to search out and formulate the laws to 
which this empirical practice has, often unwittingly, conformed. 


FUSIBILITY AND HEAT RANGE IN GLAZES 703 


As has been the case in the development of all sciences, we are 
finding in ceramics that the rules of the art are dependent on the 
laws of the fundamental sciences, physics, chemistry and mathe- 
matics. . 

In this particular instance, we find that the laws, well known 
to physics, for viscosity of liquids have been an unseen but potent 
force in determining factory practice in the making of glossy glazes. 
These laws have made it necessary for the man who wanted a glaze 
that would be workable over a wide heat range to choose a fusible 
composition. These same laws have made it possible for the man 
who wished to mature his glaze at a relatively high temperature to 
use a composition less rich in low temperature fluxes, but have also 
determined that he would have to keep accurate control of his 
temperatures and that he would have a glaze liable to craze. 
’ Factory practice has simply been forced to obey the laws of physics. 


CONCLUSIONS 


1. Molten glazes obey the well-known laws of viscosity for 
liquids. 

2. As results of 1, the more fusible glazes in a series of similar 
compositions have the longer heat ranges and are free from 
crazing over the widest ranges of temperature. 

3. Factory practice in the making of glazes has been forced 
to obey the laws of. physics in an empirical manner. 


DISCUSSION 


Mr. Purdy: Mr. President, the facts cited by Professor Staley are 
quite true, that the more fusible the glaze, the longer the heat 
range. Glaze C would become a very short range glaze, unless 
~ applied thick, as I think some of those here know, because it would 
take up so much body and the material offered by the body would 
be so irregular in composition and distribution, that you would get 
an unhomogenous mass that would blister and buckle up, and if 
you got it through as you describe, you would have a very unusual 
accident. 

Prof. Staley: This glaze did eat into the body somewhat at the 
higher cones. I was not saying that it was a commercial glaze, but 
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I wish to state that I did not get any such blistered mass as Mr. 
Purdy describes. It came to a nice, glossy glaze the whole way 
through, and those glazes were burned on a soft burned body, there- 
fore they had an excellent opportunity: to eat into the body. 

Mr. Watts: I would like to say, in this connection, that through- 
out southern Europe and in Switzerland they are making now, and 
have made for the last hundred years or so, glazes, which they use 
on their soft domestic clay bodies for dishes and general pottery, 
that figure out some place between C and 8 in Group I. Those 
glazes mature over an enormous range because the kilns are very 
crude. ‘The kilns consist of a firing chamber like an ordinary fire 
box under a boiler with a more or less crude muffle above. In the 
top of the muffle often it is quite hot while in other parts it is at 
hardly more than red heat. They fire their material all in that 
crude way; and while the glaze varies in appearance, I could not 
see, in looking over quite large quantities of their ware, where there 
was any great percentage of it which was in any way unmarketable. | 
To roughly estimate the temperatures I should say that it varied 
from about cone 010 or perhaps 08 to about cone 2 or 8. That is 
simply a rough judgment, but I am satisfied that it reaches or ap- 
proaches that range. 

Mr. Purdy: I have a better story than that. In our business, we 
used a glaze having one PbO, a dandy glaze, quite universally adap- 
ted to most anything you wanted to put it on, red tile or as a 
saggar wash. If we ran out of glaze any other place, we would put 
a little of that in, so that beats your story. But asa general prop- 
osition this glaze, C, is is a very treacherous one. 

Mr. Watts: Concede that it is a treacherous glaze; at the same 
time I cannot see but what Prof. Staley’s statement is true that, 
so far as his observation goes, it has done what he says it would do, 
that is, it has matured and remained practically matured, not 
materially deteriorated, over that very large range. I think you 
would find that a great many glazes in any series, wouldbe treach- 
erous glazes; in fact, there are very few that are not treacherous. 

Mr. Purdy: You understand, do you not, that I agreed with 
Prof. Staley in his general premises that the more fusible the glaze, 
the longer the heat range? My own published articles on glazes 
sustain this statement. 
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Mr. Watts: But you said when you didn’t put it on a body. 

Mr. Purdy: When you put it on a body, you have to make 
exception in the case of the softer lead glazes. There’s no ques- 
tion at all but what that formula C can be put through a great 
many kilns a great many times and come out perfect; but for gen- 
eral application, that would not be a glaze of commercial possi- 
bility. So if you want a glaze with a good heat range, you’ve got 
to stay away from those which have been made very soft by high 
lead or apply them as a thick coating. 

Prof. Staley: I want to call your attention to the fact that I 
- wasnot trying to make glazes. I was trying to develop the physical 
principals that control the length of heat range in glazes. I am 
perfectly willing to grant that in any series of glazes the one with 
the very longest heat range might not be the very best to use when 
all other factors are taken into consideration. 

Mr. Oriman: On the general subject of relation between fusi- 
bility and heat range of glazes, I simply wish to add an observa- 
tion made a number of times on glazes of a wholly different type. 
I refer to glazes of the Bristol type maturing at cone 7 to 8. The 
results of a number of series, made up of glazes of varying fusibility 
both in mat and glossy finishes, have always checked, in general, 
Prof. Staley’s conclusions, viz: that the more fusible the glaze, the 
longer the heat range. 


THE REQUIREMENTS OF GLASS FOR BOTTLING | 
PURPOSES 


BY R. L. FRINK, LANCASTER, OHIO 


The question of the requirements of glass for bottles has become 
a serious question, and one which the bottle manufacturers, and 
more particularly the bottle users, are beginning to consider very 
seriously, particularly those who bottle carbonated beverages. 
where the bottle not only has to withstand the corrosive action of 
the liquids placed in them, but also a fairly high pressure, and 
must also withstand quite severe changes of temperature due to the 
washing and steaming process which they undergo in cleaning. 
Therefore, we have a severe condition imposed upon the bottles. 

In this series of analyses or investigations, I have found most 
surprising variations in composition of the glasses of which bottles 
are made, not only in the product of different companies but con- 
siderable variation in the composition of bottles made of glass from 
the same furnaces, or factories operated by same concerns and sup- 

posedly under uniform conditions. 

Bottles are usually manufactured in tanks of rather small 
capacity as compared with window glass tanks. The furnaces do 
not run, as a usual thing, more than 135 tons capacity; and as a 
consequence there is a condition set up which permits of a frequent 
change in composition. The bottle manufacturer usually is not 
very conversant with chemistry or with the conditions which will 
alter the composition of the glass, therefore, he purchases mate- 
rials which are not manufactured under known and definite condi- 
tions, and consequently are unknown to him so far as exact com- 
position is concerned. If he can not get limestone from one quarry 
he obtains it from another. His formula may call for burned 
lime, and if so the amount of lime specified always presupposes 
that the lime is a calcium oxide and 100 percent pure. If it 
should happen to call for calcium carbonate, or crushed limestone, it 
likewise is presumed that the stone is a pure limestone. As will be 
seen later, these are far from being the true conditions of affairs. 

In making this investigation, I have endeavored to obtain 
information which would be useful in determining the adaptability 
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of the various glasses as found on the market for the purpose of 
bottling beer and carbonated beverages, either alcoholic or non- 
‘alcoholic. The method pursued was as follows: The bottles were 
purchased filled with the beverage and an endeavor made to de- 
termine the length of time which had elapsed since it had been 
placed in the bottle, the condition of the beverage as to its alka- 
linity, as to the probability of any deterioration having been pro- 
duced by the solution of the glass, and as to any noticeable defect 
of the beverage upon the glass was noted. While such investi- 
gations were made with great care and caution, there was but very 
little accurate and positive knowledge obtainable, due to my 
inability to obtain specimens of the beverage manufactured at the 
same time which had not been retained in glass vessels. However, 
several instances were noted in which beer made and bottled at 
’ the same time in bottles of different manufacture, or of different 
composition, showed conclusively that the soluble constituents of 
glass have a very harmful and deteriorating effect upon beer or 
saccharinous liquids. By comparing the effects noted in the case 
of the highly soluble glass as related to a highly insoluble glass 
vessel, I considered it reasonable to assume that the marked de- 
terioration, and decomposition found in several instances are attrib- 
utable to the high es of the glass of which the bottle was 
composed. 

One particular instance worthy of special mention was a ‘pottle 
of grape juice. This was a pint bottle of white glass containing 
a well-known brand of grape juice, which contained a considerable 
quantity of reddish black precipitate, and the juice had got fairly 
under way towards formation of considerable acetic acid. Another 
bottle which came in the same shipment from the factory, although 
of course there is no knowing that it was made at the same time, | 
- contained substantially no precipitate and seemed to be in perfect 
condition. In the first instance, it was found that the solubility 
of the glass was 10.11 milligrams while in the second instance it 
was a little less than 2, the test being made as described later. 

In the case of beer, several bottles were taken, some being amber 
and some being green glass, and it was found that in nearly every 
instance the green glass is more soluble than the amber glass. 
It has occurred to me that here lies an explanation for the prefer-. 
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ence of manufacturers for the amber glass bottles over the green 
bottles as being better adapted to the bottling of beer and to 
maintaining its quality, also that the lower solubility of the am- ° 
ber glass has more to do with the maintaining of the quality of beer 
than has perhaps the exclusion of sunlight, which is usually given as 
the reason for this preference. 

From this case of beer, there were found to be two bottles one 
of which showed considerably more deterioration than did the 
other, and this one showed by subsequent analysis that it contained 
less than 3 percent of lime and in excess of 26 percent soda, showing 
a solubility of nearly 14 milligrams per 100 cc. . 

Table 1 shows the composition and solubility of a number of 
bottles investigated. 























TABLE I 

NO. CaO | Na2O | MgO | AlkeOs | SiOe Rena cc. |WEIGHT COLOR 
3721 8 .74| 13.41) 2.03 | 3.09 -1°72:.73) -4.1-1-° 233") 315.) Amber 
3722 8.56] 19.91) 1.25 | 1.86 | 68.42; 7.3} 230] 310 | Green 
3723 | 10.23} 15.31) 3.82 | 7.95 | 62.69} 3.8 | 238 | 445 | Dark green 
3724 | 12.46} 8.66) 0.93 | 1.84 | 76.11} 2.8 | 2301 380 | Green 
3725 | 10.04) 16.41) 0.90 | 2.33 | 70.32) 9.2 | 233] 385 | Amber 
3726 | 11.€0] 13.91) 0.62 | 2.53 | 71.34, 1.1] 230] 400 | Green 
3727 9.65} 16.41} 1.01 | 5.71 | 67.22) 10.11) 239 | 440 | Amber 
3728 8.17) 17.31) 0.91 | 1.89 | 71.72) 8.57) 2385 | 340 | White 
3729 | 9.65) 17.03) 0.74 | 2.01 | 70.57} 9.2 | 233 | 340 | Green 
3730 9.65} 16.88) 0.81 | 1.63 | 71.03) 9.0 | 235 ... | Green 
3731 5.95} 20.04 1.88 | 1.61 | 71.02) 13.2 | 238 ... | Amber 
3732 4.60} 18.07} 4.00 | 3.27 | 70.06} 8.8 | 228 | 631 | Green 











The column headed ‘‘Sol. mg.’’ is the amount of milligrams dissolved in 100 cc. 

“‘cc.’”’ indicates capacity of bottle. 

“Weight” indicates the weight of the empty bottle. 
_ These tests were conducted as follows: The bottles were washed 
with 20 cc. of hydrofluoric acid (HF) and 25 cc of water until 
the acid was completely spent, which. removed the inner coating 
or surface of the bottles in order that the case-hardened surface, or 
chill effect on the interior, would be removed and a uniform surface 
condition be presented to the solvent action of the water, as it has 
been found that the surface of glass always has a coating or chilled 
skin, which is of unequal resistance to the solvent action of liquids. 
After the acid was spent, it was washed out, and the bottles rinsed 


¢ 
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with neutral water until no acid reaction could be detected, after 
which the bottle was filled with boiled neutral distilled water, and 
was maintained at a temperature of from 70 to 80°C. for a period 
of 48 hours. Determination of the alkali was then made, and the 
amount of soluble matter determined by evaporating 100 cc. of 
the solution to dryness in a platinum dish. 

I find that the lime varies greatly in the different specimens of 
bottles analyzed, and is present in amounts ranging from 3.3 
percent to as high as 12.46 percent. It is obvious that such a great 
variation in lime is not only uncalled for but impracticable. Perhaps 
here is an opportune moment for pointing out the cause for this 
great variation. JI have found numerous instances wherein the 
glassmaker was working under the presumption that he was ob- 
taining 8 percent of lime or calcium oxide in his glass, his formula 
* calling for an amount of lime which, if the raw materials were of a 
purity and quality or composition called for by the formula, would 
produce a glass that would contain substantially 8 percent calcium 
oxide, or a rational formula of 2% SiO. to 1 of lime and 23 SiO; to 
1 soda. 

However, the facts as found were in most cases departing to a 
great degree from the specifications given in the formula and the 
presumptions of the manufacturer, for he usually would purchase 
lime supposed to be burned lime or calcium oxide, but this would 
vary in the quantity of magnesia so that the magnesia content 
-would range from 6 percent to 37 percent. Moreover the amount 
of hydration and the degree of absorption of carbon dioxide and 
dioxide and water was found to have taken place to a variable 
extent according to the conditions under which the lime had been 
stored, the length of time which has elapsed between the making of 
the same and the using, and other factors which increased or 
~ diminished the amount of gases or moisture which has been ab- 
sorbed by the line in the powdered form, to which it wasusually 
reduced and which form it is usually demanded by the glass- 
maker. 

This also accounts for many of the difficulties and much of the 
poor glass with which the glass maker has to contend when he is 
not possessed of knowledge which he should have and which he 
would be able to secure through the services of a chemist, or which 
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he might be able to easily obtain by the use of simple methods and 
apparatus with which he could equip himself. One might readily 
assume that either glassmaking is a process susceptible and permis- 
sible of an enormous degree of variability in its operation without 
injury to the product, and therefore a business void of technique 
and a process entirely lacking in fixed and definite relative propor- 
tions or relation, or else on the other hand, the product manufac- 
tured and turned out under such conditions must obviously be 
lacking in certain requisite properties demanded by the consumer. 
One might almost assume in the light of such conditions that the 
glassmaker could without serious inconvenience or difficulty easily 
dispense with such expensive apparatus as scales, and particularly 
those expensive ones known as “‘secret’”’ or fixed weight beam 
scales, for on an average he could approximate the quantity of at 
least the lime, and obtain as accurate an amount of calcium oxide, 
should he be using pure calcium oxide, as he is now able to do with 
the aid of the expensive scales and the uncertain and unreliable 
lime product that is usually employed in the making of bottles. 

Yet the superintendent and the workman are very careful and 
particular to weigh out their raw materials with nicety and pains- 
taking in order that the proper amounts shall be incorporated in 
their batch mixture. Fewof thesemen realize as yet that these raw 
materials vary in themselves to such a degree, and that they actu- 
ally contain in some instances less than 40 percent of the chemical 
compound which they are supposed to contain. It is fortunate 
that the lime is substantially the only ingredient which is susceptible 
to such wide variation, or otherwise it would be difficult to imagine | 
what the result might be and what difficulties might develop. 

In all instances where I have found these conditions to prevail, 
I have most earnestly advocated changing the batch formulas and 
substituting the required amount of ground raw limestone for 
burned lime which many of them now call for, and which the, glass- 
maker now demands. By so doing they are able to secure sub- 
stantially uniform.conditions and results insofar as the melting, 
annealing and color are concerned, for it is rarely, if ever, that 
one finds variations in the purity of raw limestone which alters the 
available amount of calcium oxide by more than 2 percent, which 
would produce a variation in the quantity of calcium oxidein the 
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finished glass of $ percent or less, instead of 6 to 8 percent, as is 
now possible and many times occurs. 

While it is true that in using ground limestone ihe melting con- 
ditions are changed somewhat, causing a greater foaming and more- 
extended melting area; yet at the same time it will be found that 
after the conditions have once been properly produced and under- 
stood, and the control of the furnace to meet these conditions has 
been worked out so that they can be definitely handled, the making 
of a good glass maintaining uniform color and securing maximum 
production will be greatly simplified, and all factors entering therein 
will be better understood, and more easily controlled. This change 
once made, the glassmaker will never again return to the use of 
burned lime as now found in the market. It must be admited 
however, that could burned lime of definite composition be ob- 

.tained, it has certain advantages over raw limestone; but my 
experience of over twenty years in the investigation of raw materials 
proves to me that it is the most unreliable constituent in glass and 
in my opinion is responsible for 75 percent at least of the difficulties 
in maintaining glass free from cords, stones, blisters} and is very 
potent in causing breakage, loss of color, poor working metal, etc. 
- I think it is safe to say that the major portion of the breakage 
occurring in the washing and steaming of beer or beverage bottles, 
and without doubt a considerable of that.occurring in charging 
and filling of these bottles, can be attributed to laminations and 
consequent strains set up by the heterogeneous mixture of glasses 
caused by the rapid changes in the amount of lime introduced in. 
the batch. Too much emphasis can not be laid in this point, for 
if the glassmaker wishes to make a bottle which will withstand the 
conditions imposed upon it by the various methods employed in the 
bottling of beverages, and of cleaning such bottles, he must recog- 
nize the fact that his glass must be free from laminations and strain, 
a condition which must inevitably occur where burned lime of a 
character now offered upon the market is used. 

I have not mentioned another prolific source of trouble, although 
of a lesser character, but which too is found in the lime, and will 
not here attempt to enumerate the many detrimental properties, 
for some of these are as yet mooted questions, not having been 
sufficiently studied for us to have at hand positive knowledge 
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concerning their effects. Here I refer to magnesia. I will say, 
however, that there is one large producer of lime in Ohio, who 
furnishes liime-to a large number of manufacturers all over the 
country, which has gained a wide reputation, but which I consider 
to be greatly inferior to that of many of the lesser known and 
smaller producers, and whose product has been the cause of pro- 
ducing all of the herein mentioned difficulties and conditions insofar 
as lime or its contamination can produce it. I have found this 
lime when sold as burned lime to contain as high as 45 percent of 
calcium carbonate, and as high as 40 percent of magnesia. While 
these quantities are not detrimental to the making of a good glass 
when occurring definitely and constantly in these proportions, they 
are exceeidngly injurious, and cause endless trouble as herein set 
forth. I have known the amount of calcium oxide to vary in two 
cars of lime received at the same time, presumably coming from 
the same quarry, approximately as follows: In the one car the 
calcium oxide found was 40 percent, magnesia 30 percent, calcium 
carbonate 25 percent, while in the other car calcium oxide found 
was 70 percent, magnesia 18 percent, calcium carbonate 6 percent. 
In both instances the balance to make up the 100 percent consisted 
of silica, alumina, sulphur and water. | 

It is not difficult to understand that trouble must ensue when 
the lime from the first car was allconsumed and that from the second 
car was used. The glass made by using the same quantity of lime 
from the second car would inevitably demand more heat, would 
be less fluid, and would when coming down the tank and mixing 
with the glass containing the lime from the first car, prorduce great 
quantities of heavy cords, no doubt accompanied by numerous 
blisters, seeds and quite likely stones, and before and after these 
cords existed to a degree as to become noticeable, there would be 
profuse lamination with a consequent breakage in the factory, on 
the leer, in the warehouse, in transit, on the washrack, in the bot- 
tling machine, and all along the line. 

The soda content of these glasses was found to run from 13.47 
percent to as high as 26 percent, although this one analysis does 
not appear in the table and I have one bottle which showed even 
higher than this, it being slightly in excess of 28 percent. 

The alumina was found to exist in quantities from 0.9 percent 
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to in one instance, that of an imported dark green bottle, 7.95 
percent. 

The magnesia was also found to vary greatly, as is to be expected 
and exists in quantities from 0.47 percent to 4 percent. 

The silica also varies to a considerable extent, and is found to be 
from 66 percent to 74 percent. I have as yet found none higher 
than 74 percent. 

The table gives the analyses complete of one series of bottles 
investigated, and I regret that I have not at hand all of the analyses, 
however, these are typical and will be sufficient to show what 
great variation there is to be found in what is supposed to be a 
uniformly constant and definitely constitued product. 

I would direct attention to how the soda may effect solubility, 
as is seen in the instance where the soda exists to the amount of 
13.47 percent. In this was 4.1 milligrams dissolved. In the 
instance of No. 3722, where there was present 19.91 percent soda 
there was 7.3 milligrams dissolved, and in No. 3731, having 20.04 
percent soda, there was 13.2 milligrams dissolved, while in No. 
3725 with 16.41 percent soda there was 10.11 milligrams dissolved. 
With 31.91 percent soda and 11.6 percent calcium oxide in glass 
No. 3726, we had but 1.1 milligrams dissolved. By referring to 
the table it will be seen that this glass is nearly a normal glass. 

The figures here given, as also other analyses not here shown, 
indicate that as the soda increases and the lime decreases with 
alumina remaining constant, or substantially so, the solubility 
increases; and that where the soda decreases and the lime increases, 
alumina remaining substantially constant, the solubility decreases. 
With soda increasing, lime remaining constant and alumina increas- 
ing, the solubility decreases somewhat, but apparently alumina 
does not offer as much resistance to solubility as does lime. How- 
- ever, no doubt this is true only to a certain point, say 4 percent 
alumina, and higher alumina would offer greater resistance to solu- 
bility than might be supposed from figures here given. However 
this is presumption largely based upon the result of experiments in 
determining the solubility of opal glasses and the well known 
insolubility of porcelain and certain glazes. With soda and lime 
around 12 percent, and alumina at from 5 to 6 percent, there 
appears to be a composition of least solubility; and, neglecting the 
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quantity and presence of alumina, this corresponds gen Oy 
to the composition of a normal glass. 

From the data secured and the results observed with the last 
mentioned glass containing the rather high percentage of alumina, 
it appeared to be particularly adapted to the making of beer bottles 
and bottles used as containers for sparkling wines, selzers, charged 
mineral waters, or any purpose where high pressures are obtained. 
No doubt it is due to the fact that most of our imported green 
bottles for this purpose contain an amount.of alumina ranging from 
5 to 9 percent that these bottles are preferred by our bottling es- 
tablishments handling these beverages, as also are they desirable as 
containers for acids, alkalies, alcoholic and neutral liquids. ‘They 
are superior to our domestic bottles by reason of their ability to 
withstand pressure and the corrosive action of liquids placed in 
them and are free, or substantially so, from laminations and strain. 

I have a number of lantern slides that will serve to give an idea 
of the structure of glass under: some of the varying conditions 
mentioned. These however, are negatives and not positives of 
photomicrographs of etchings of window glass; and although the 
conditions are not identical with those found in bottles, they will 
be more or less illustrative of examples of the heterogeneous char- 
acter of glass when made under the above conditions. However, 
the conditions of variation of raw material exist to a very much less 
degree than has been found in these investigations, and as shown 
by the analyses given above. I regret that I have no specimens 
of bottle glass to show you, for the conditions found therein would 
produce etchings and plates which would greatly augment those 
seen here, and enable one to more easily differentiate the effects 
produced by varying compositions. J have made etchings of bottle 
glass, and have found several instances in which the acid would 
completely perforate the glass and eat through it in a small area 
of from perhaps 4 to 6 mm. This indicates that this area was 
sufficiently high in soda and low in lime to make it freely soluble 
in HF. The corrosion would prevail to a greater or less extent 
entirely through the thickness of the glass, which would be from 6 to 
8 mm., while the balance of the exposed surface would be attacked 
by ie acid to a depth of only 4 to 14 mm. 

These specimens are prepared by cutting a piece of glass about 
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Plate 1 





Plate 2 
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60 mm. in diameter, or sufficiently large to amply cover a platinum 
dish 40 mm. in diameter. The specimen is washed in water, dilute 
HCl, alcohol, ether, dried and placed in the dessicator for a period 
of fifteen or twenty minutes, after which it is weighed, the weighing 
being done for the purpose of comparing the loss or amount which 
the acid has dissolved. I always use 10 ec. of HF, which is 
placed in the platinum dish resting in a water bath kept at 90°C. 
This slowly evaporates the acid and gradually brings it into con- 
tact with the glass. After the acid has completely evaporated, 
the specimen is allowed to remain for a period of ten or fifteen 
minutes until perfectly dry, which after it is removed, washed off 
with hot water and 10 percent dilute HCI, dried by heating to about 
100°C., again placed in the dessicator to cool, and again weighed. 
The specimen is now ready for observation under the microscope, 
by which means the photomicrographs here show are made, the 
magnifications being in most instances 80 diameters; but the 
plates showing strains and glass viewed in transverse section in 
polarized light are magnified 25 diameters. 

The principal plates shown I will attempt to describe. The 
first (Plate 1) is a piece of glass in transverse section and is between 
crossed nicols. It will be seen to show ten or more stratums of 
glass having varying densities, and no doubt varying in composi- 
tion. Certain ones of these end in the outer surface of the glass, 
which would make it extremely probable to cause rupture of the 
glass, should the same be subjected at this point to any marked 
increase or decrease in temperature, or should any strain be exerted 
upon this area which would tend to augment the character and 
degree of the strain existing within the glass. The method and 
means of determining the character of such strains was given in my 
paper presented to this Society in the year 1911. 

The next plate (Plate 2) shows the effect: of slow and protracted 
solution of materials foreign to the usual batch constituents, which in 
this instance no doubt was what would, at earlier stages of its 
existence, have been recognized as a stone, but which had existed in 
a melting temperature and within a magma of silicate compounds 
for a sufficient period of time to become substantially all dissolved. 
It can be seen that the glass formed thereby and in its immediate 
vicinity was considerable different in density, and had greatly 
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different optical properties from the glass more remotely surround- 
ing it. Obviously by reason of its different physical properties, 
i.e., its coefficient of expansion and contraction, viscosity, specific 
heat and softening point, it was subjected to enormous strains, 
which were set up by the differential contraction and expansion 
existing in the preponderance o’ glass surrounding ‘t. 

Plate 3 shows a marked crystalline effect, which in th's instance is 
the beginning of devitrification. However, before etching, and to 
the unaided eye, this glass was perfectly clear, and one could 
discern no signs of crystals; but inasmuch as the crystals here 
remain, and are reposed in a magma of glass, and as it is well known 
that the higher lime silicates are less soluble in HF than the lower 
calcium compounds, it may be assumed that these crystals predomi- 
nate in lime which has formed compounds whose refractive index 
so nearly approach that of the surrounding glass as to make them 
perfectly transparent and thereby conceal their presence. 

Here I have a plate (Plate 4) which, in contradistinction to the one 
previously shown, is plainly indicative of the former existence of 
crystals; but it is seen that these crystals are no longer present, 
only the outlines remaining. As before stated, it would appear that 
here the surrounding glass in which they resided was of a composi- 
tion which was higher in lime than were the crystals, and further 
from their crystallographic appearance and form it may be quite 
accurately deduced that these crystals are a silicate of soda and 
lime, containing a preponderance of silica. 

I will also show several slides in which the principal characteris- 
tic feature lies in the size and regular or irregular disposition of the 
apparently cellular structure remaining after etching, in which 
the two extremes marked to some degree the hardness of the 
glass, and which it has been found corresponds quite closely with 
the amount of soda contained in the specimens. In Plate 5 the 
cellular structure is seen to be quite fine, regular and close, resem- 
bling kernels of wheat lying together, while in the other extreme, 
Plate 6, it will be seen that the structure is that which might be 
taken to represent a portion of a brain, and which I have given the 
term ‘‘brainy”’ appearance. ‘These cells shown in Plates 5 and 6 
if reduced to actual size would be 0.07 mm. and 0.18 mm. respec- 
tively in diameter. It has been found that as’the soda increases 
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Plate 6 
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the size of the cell increases, or at least it is true within certain 
limits up to possibly 25 percent of soda when the maximum size of 
the cell would reach probably the neighborhood of 0.2 mm. 

I might remark that this condition is of more than passing interest 
in view of the fact that when obseving this specimen under the 
microscope by the aid of subdued transmitted light, it will be found 
that the boundaries between cells assume a width of + to 4 mm., as 
. here magnified, or actually 1.003 to 0.006 mm., and show a pro- 
nounced difference in color and in optical properties. However, it 
seems obvious that this does prove that glass is made up of cells 
or aggregates of minute masses either within an envelope or other- 
wise, each having its own definite composition. The etchings 
would seem to show and prove by the unequal degree of the attack 
of the acid that there is a considerable variation in this composition 
which it would seem would further furnish cause and explanation 
for the often very peculiar and erratic lines of fracture and manner 
in which glass breaks. 

This would also seem to account for the next hs Plate 7, 
which plainly reveals a definite area some 15 or 20 mm. wide, which 
completely traverses the specimen in one direction and wherein 
the acid has had very much less effect than upon the surrounding 
areas. While there was no disturbance of the glass in the making 
of this specimen, yet it will be seen that the cells are contracted and 
smaller throughout this narrow area than those composing the 
surrounding glass. This effect was produced by drawing a cold 
iron over the surface of the glass as it reposed in the pot just 
previous to a cylinder being drawn therefrom. The cylinder was 
made upon one of my window glass machines, which, briefly de- 
scribed, is a process whereby the glass is ladled by means of a metal 
ladle from the tank or melting furnace, is deposited in a shallow 
pot—and at this point the cold iron was drawn across the surface, 
but making little or no impression on the glass, producing only a 
chilled streak across the upper surface, perhaps one-half inch wide. - 
After the depositing of the glass in the pot, a metallic bait, or ribbon, 
is lowered into the glass, which by its own heat attaches itself to the 
ribbon, after which this bait is drawn upwardly at a rate as to give 
the glass the proper thickness, which is governed by the rate of cool- 
ing as related to the speed of draw, or vice versa. Therefore it will 
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be seen that the glass rested substantially undisturbed in the pot, 
and as the cylinder was drawn this chilled portion was picked up and 
was drawn out until it had disposed itself throughout the mass of 
glass comprising the cylinder, and until all of the glass affected by 
the iron had entered into the construction of the cylinder. It is 
difficult to conceive what effect would have been produced by the 
chilling of the glass which would have altered its physical arrange-. 
ment and its chemical properties to such an extent as to make it 
resist the action of the acid. It seems logical to assume that it 
may have brought about something analogous to a casehardening 
effect, which may have produced the formation of cells or aggre- 
gations which are protected by a higher fusing and more resistant 
lime silicates. | 

I have here another illustration, Plate 8, which shows portions 
of a blister that was opalescent in color. We at one time had 
considerable trouble with this condition, as there existed in the 
glass millions of these small blisters, whose dimensions were from 
25 mm. long by 1 mm. wide down to microscopic dimensions. By 
high magnification and optical study, it was determined that these 
blisters were caused by condensation of arsenic. They were found. 
to be partially filled with the octahedrons of arsenious oxide, and 
were caused by the use of arsenic in the batch and the filling in 
along with it of hot cullet, which incorporated the arsenical subli- 
mates at a temperature below that at which the sublimate would 
form a sufficient tension to escape. Remaining in the glass until 
the temperature was reduced, the sublimate would condense, and 
the crystals here shown would form. The severe strain which sur- 
rounds each of these blisters was occasioned by the diminution in 
volume of the arsenical vapor, which produced an extremely high 
vacuum, and thereby caused a tension stress throughout this area. 

In the next illustration, Plate 9, we see a condition which I be- 
lieve to be an extremely rare one, and which is difficult to explain. 
It will be seen that there are radiating portions of the etched surface 
which has been substantially unaffected by the HF acid. These 
portions are about 2 mm. wide and 25 to 30 mm. long, there being 
four extensions from a central point, as the spokes of a wheel, 
irregularly situated. These, as is the surrounding glass, appear 
perfectly smooth and void of any cellular structural appearance, 
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indicating that this glass is truly amorphous. This condition 
prevailed throughout all of the etching as it was examined from 
time to time during the etching process, and the amount of etching 
acid used was, as I recollect, about 22 cc. or two and one-half 
times the usual amount, so that the amount of glass dissolved: by 
the acid is probably 50 percent or more of the thickness of the 
glass. Further, analyses show that this glass was substantially 
what I term a normal glass, the residue from the etchings giving 
an analysis of 12.58 of lime, 13.85 of soda, 70.7 of silica, .42 of 





Plate 9 


magnesia and 3.25 of alumina. ‘This specimen of glass I consider 
to be the only specimen of true glass that I have ever seen, for in 
all of its optical properties it indicates that it was perfectly homo- 
geneous, and excepting for these radiating areas, it. seems to be 
perfectly uniform and void of any lamination or cellular structure. 

In speaking further of the requirements of glasses for bottles to 
meet all conditions, their composition should be as near as possible 
to that of what I term as a normal glass, that is, one containing 
from 13 to 14 percent of soda, about 12 percent of lime, 70 to 71 
percent of silica, from 3 to 5 percent of alumina, with the magnesia 
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kept as low as possible, although in some instances it is advisable, 
or at least desirable, to allow the magnesia content to become as 
high as 2 or 3 percent to facilitate the fluidity or the working of the 
glass at the required speed demanded by semi-mechanical manu- 
facturing conditions. This glass, if thoroughly melted and homo- 
geneous, has a very high tensile strength, very low solubility, and, 
with fairly uniform annealing, will withstand the average condi- 
tions imposed upon it in the washing and steaming process and has 
ample strength to withstand the highest pressures in bottling. 

In conclusion, we may summarize these conditions and require- 
ments by saying that at the present time the manufacture of bottles 
in this country is carried on with no regard whatever for the physi- 
cal properties, and in fact it is doubtful if our manufacturers 
realize that it is possible that their process of making the glass, or 
the ingredients contained therein, can affect the physical properties 
of the glasses constituting their product. When we can indiscrimi- . 
nately select specimens of bottles from several cases of beer, for 
instance, and find therein glasses varying in their constituents to 
the extent here indicated, it is obvious that either the manufacturer 
is ignorant of the physical and chemical attributes of these constit- 
uents, or that he has no regard or respect for the properties which 
these constituents give to the glass. However, I believe that the 
time is rapidly approaching when the brewer and the bottler of 
fruits and beverages, will take this matter up and will insist upon 
his bottle manufacturer supplying him with an article which will 
insure the permanency and quality of his goods. 

These investigations are but preliminary ones, but I trust that 
they will be sufficiently pertinent to others that they will arouse 
interest in the minds of those who are in a position whereby they 
can follow them up and determine for themselves, and subsequently 
give to this Society their report, which I am sure will make very 
interesting reading when a greater number of conditions and more 
data and definite information is forthcoming. 


DISCUSSION 


Prof. Orton: How would the glass illustrated by the first slide 
look, supposing there were no strains there. 
Mr. Frink: It would be perfectly clear, and there would be no 
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signs of any lines, or variations in the amount of light transmitted 
by the glass. 

Prof. Orton: In the specimen showing the effect of the cold iron, 
is that a view of the sheet of glass on edge? 

Mr. Frink: No, the specimen is lying flat. 

Prof. Orton: In the specimen showing the blister, is the sheet on 
edge? | 

Mr. Frink: No, it is flat, and there were three plates made of this 
one blister as the high magnification required demanded three 
exposures to cover its entire length. 

Prof. Orton: With the streak running through it. 

Mr. Frink: Yes, sir. There was this broadened area in the 
center with these tail portions extending both ways, which are the 
minute crystals of arsenic. 

Prof. Silverman: There is one point on variation of the composi- 
tion of these glasses about which I should like to ask a question. 
I should like to know whether the variation is not due to the fact 
that bottle manufacturers are buying cullet all over the country 
because they can obtain it for little or nothing? This was brought 
_ to my attention particularly by the fact that you have one glass 
which is extraordinarily high in alumina. I know that in opal 
glass manufacture there is a great loss from breakage and I know 
that cullet is being sold at a ridiculously low price. I wonder 
if some of it landed in the plant where your bottles were made. 

Mr. Frink: The bottle manufacturer has at last arrived at the 
very sensible conclusion that it does not pay to use opal cullet. 
In making an examination of a large batch of cullet which contained 
a thousand tons, I took over a ton of samples, mixed it up and 
crushed it and made several chemical analyses of it and found that 
the average was a very fair average of bottle glass; therefore I 
assume that it would not make much difference in theultimate 
analysis and that most all the variation in glass of one concern is 
due to their raw material. 

Prof. Silverman: I should like to ask Mr. Frink whether he 
noticed any difference when he etched glass which showed no 
strain in polarized light and glass which did exhibit the strains? 

Mr. Frink: I meant to have spoken of that, particularly in. re- 
ferring to the one specimen where I called your attention to its 
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being the one with the cold iron. The strain in all directions was 
quite pronounced and can be found in the etched sample, although 
it is so irregular that it is hardly discernible unless you see the 
strain before etching. 

Prof. Silverman: What I meant is whether samples which do 
not show the strain under polarized light will show crystals on | 
etching? 

Mr. Frink: Not necessarily crystals. You would not know there 
was any strain in the glass by looking at the etching, unless you 
could make the polarized light examination first, for instance, where 
you saw the specimen similar to grain in wood, and see the lamina- 
tions running to the outside; in this case if you had made an etching 
on that outside surface at that point, you would by comparing the 
polarized light examination with the etching, find where the dif- 
ferent lamina ended; and you would see pits, perhaps, indicating 
higher soda or might see a very close structure or “ brainy”’ appear- 
ance. | 

Prof. Pence: I was very much interested in the slides which 
showed the crystal development. I would like to ask Mr. Frink 
whether there was any distinctive difference in compositions be- 
tween the glass which showed the fine, needle-like crystals and the 
one which followed showing the blade-like crystals? 

Mr. Frink: As a whole you mean, the glass as a Md 

Prof. Pence: Yes. 

Mr. Frink: There is practically no difference, as a matter of fact 
all of those slides were made from glass made in the same tank and 
within three months of the same time, window glass of the composi- 
tion I gave. 

Prof. Pence: I asked this question because, so far as I can tell 
from my observation of the slide, the crystals were very similar in 
appearance to the crystals that I observed in mat glazes, and the 
fact that those crystals are shown to be present in the clear glass 
is a very interesting thing in a discussion on Bea structure and 
mat texture. 

Mr. Doe: Do these show in polarized light? 

Mr. Frink: Yes. | 

Mr. Doe: So they are all true crystals? 

Mr. Frink: Yes, true crystals. 
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Prof. Pence: Were they very tiny? . 

Mr. Frink: They would vary in size, although the individual 
crystal will probably measure, I should presume, somewhere in the 
neighborhood of 150 or 200 microns. 

Mr. Moore: All of the slides you showed us that had been etched, 
showed irregularity in the action of the hydrofluoric acid. Did you 
get any results in which the etching was uniform? Is it possible 
to get a glass so uniform in composition that the etching will be 
smooth? | 

Mr. Frink: You ask if it is possible. That, I could not say, but 
I have never yet seen one; the nearest we came to it was the last 
slide I showed where I said it seemed to he a marvelous structure. 
When we can get to the point where we can make one that will be 
smooth, I will be happy. That I consider to be the ideal glass. 


REFRACTORY LININGS FOR ROTARY CEMENT KILNS 


BY HAROLD A. HENRY, FENTON, MICHIGAN 


The rapid growth of the cement business, and the evolution in 
burning which has resulted in the mammoth rotary kiln of today 
has left many unsolved problems. It cannot be expected that 
full and mature thought could be given to all the details, or that 
perfection can be expected or even aimed at in such a rapidly 
expanding industry. The fact that the mechanic rather than the 
chemist dominated the industry in its early stages has led to many 
wasteful and expensive designs and processes. ‘The chief aim has 
been to get enormous output, and all other factors have been given 
only secondary consideration. This condition has left a great 
many problems which must be worked out by the cement manu- 
facturer of today in an effort to cheapen his product. 

One of the most important of these problems and one which has 
caused many failures and led to enormous expense has been the 
task of finding a cheap and durable lining for the rotary kiln. This 
lining must act as a protection to the iron shell of the kiln, as well 
as prevent to some extent the great loss of heat by conduction and 
radiation from the heated interior of the kiln. This heat loss by 
radiation from the shell of the kiln has been. estimated from 20 
percent to 35 percent of the entire amount of heat produced in the 
kiln. 

There have been a great many different linings proposed and 
put into service. Among the most important of these are concrete, 
magnesite, bauxite, and fire clay brick. A concrete consisting of 
cement clinker, sand, and cement was used to quite an extent some 
years ago and, due to its cheapness and the similiarity of its composi- 
tion to that of the cement material, gave fair satisfaction. The lin- 
ings, however, required much repair, and necessarily a great deal of 
time was lost in operation of the kiln. 

Magnesite brick have been used to some extent but have never 
come into general use. They are able to withstand the heat well, 
but are very expensive and, due to their dense nature, are not 
able to stand the sudden changes in temperature without cracking. 

Fire clay brick and brick made from materials high in alumina 
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have been put on the market in great numbers for rotary kiln 
linings. 

The rotary kiln lining question was still in its infancy when 
it became evident that no lining could be found which would be 
able to withstand the great heat and sudden changes of tempera- 
ture, if this lining was not of such a nature that the cement mate- 
rial would adhere to it and form a protection. Thus the longest 
lived linings today are those which take up this coating the quickest 
and hold to it the best. 

The brick which are used for these linings are 9 inches square 
on the outside and tapered on a 3 ft. to 5 ft. radius, depending on 
the size of the kiln; and when they are placed in the lining they 
form a tight ring about the inside of the shell. 

There has been quite a question as to the desirable thickness of 
this lining, and formerly most of these brick were made from 9 in. 
to 12 in. thick. It has been found, however, by some companies 
that the cement coating will not adhere well to the brick until 
they have been melted down to a thickness of 2 in. to 4 in., thus 
giving easy radiating conditions and allowing the intense heat to 
be conducted from the face of the brick. For this reason many 
companies have substituted 6-in. brick and get equally good results. 
This theory would be borne out by the company which attempted 
to prevent radiation from their kilns by inserting an asbestos lining 
between the iron shell and the fire brick lining. The brick, however, 
under these conditions could not stand the heat at all and this 
attempt had to be given up. At present we must accept this 
great loss by radiation as a natural evil of the process, and be 
content to reduce it in other ways. A very porous, high grog, fire 
brick will give good results and has a tendency to reduce this radia- 
tion loss, as the open air passages form a good heat insulation. 
Because of this great loss by radiation, this process of burning 
cement has been called one of the most expensive and wasteful 
operations to be found in any modern industry. 

The chief reason why a cement plant must be operated continu- 
ously is because of the great damage that is done to the lining when 
the kiln is allowed to become cold. When the brick becomes cold, 
the coating of cement material falls off and leaves the brick with 
no protection. Much of the inside face of the brick often falls off 
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with the coating. In some cases when the brick once loses this 
coating, the kiln must be relined before it can be started again. 

The life of a fire brick lining in the hot zone of a rotary cement 
kiln is from three months to one year, provided the kiln is kept 
hot and in constant operation; but if for any reason the kiln is 
allowed to cool, this lining will not last nearly so long. 

As the material which passes through the kiln is highly basic, 
we know from the first principles of chemistry that a brick of highly 
basic nature will be less easily acted upon by this high lime ma- 
terial than is an acid or high silica brick. So, all other things 
being equal, a brick high in clay substance and.low in silica will 
withstand the action of cement material best. | 

The abrasive effect of the finely ground cement material is very © 
slight so that in selecting brick for rotary kiln liners, it is not 
necessary to get hard dense brick as it is in industries where the 
abrasion is more severe. In fact the more porous brick give the best 
results both because of their highly refractory nature and because 
they are poor conductors of heat. Hard dense vitrified brick are 
also more apt to crack and spawl off on the face due to sudden 
changes of temperature than are the more porous brick. The 
porous brick can take up most of the expansion and change of 
volume within themselves and thus will not be effected nearly so 
much. 

It is very important, however, that the brick shall be burned to 
such a temperature that all the contraction has been taken out of 
them, for if the brick contract materially after they have been 
placed in the kiln, they will become loose and fall from the lining. 
An effort should also be made to have the coefficient of expansion 
of the lining as near as possible to that of the iron shell. If the 
lining expands more that the shell, it is apt to crack and buckle in 
order to find an outlet for the extra volume. While in the other 
case, if the shell expands most the brick will become loose and the 
lining will be short lived. 

It is not necessary however to use a high quality of brick through- 
out the entire length of the kiln, as the hot combustion zone in 
general is not over twenty five feet in length. This hot combustion 
zone should be kept as short and as near the front of the kiln as 
possible; but the size of the kiln, quality of fuel used, and efficiency 
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of the burner, all have a great influence on the length and position 
of this hot section. 

A much lower grade of brick can be used in the-cooler parts of 
the kiln, but an effort should be made to select brick which will 
transmit as little heat as possible. It is very important that the 
brick for this purpose should be hand moulded, and that the 
percentage of plastic clay in the brick be kept very low. The 
internal structure of a hand moulded brick has been proven to be 
much more symmetrical and tough, and for this reason it will hold 
together a great deal better than machine made brick. : 

In conclusion we find the most practical lining for rotary cement; 
kilns to be hand moulded, high alumina fire brick of a porous 
nature and burned to a temperature of at least 2600° F. 
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BY FORREST K. PENCE, COLUMBUS, OHIO 


Introduction. The following paper is a report of an investigation 
that was conducted in the Ceramic Laboratories of the Ohio State 
University in which a study of the effect of variation in composi- 
tion of dust pressed bodies was made in much the same way as has 
been done in the study of plastic bodies. 

Composition. The bodies were compounded from white burn- 
ing materials as follows: 


(3 parts North Carolina kaolin 


; | : J1 part Tennessee 
Clay constituent........... 2 parts domestic ball clay te part Kentiees 
Feldspar constituent.......... Normal potash feldspar 
GIN Gee ok eases ee kee eae Ground quartz sand 


The various body compositions are shown by means of the 
triaxial diagram in Figure 1. } 

Preparation of the Bodies. 1. Batch weights determined from 
the triaxial diagram and pee to the basis of 1000 gms. batch 
for each body. 

2. Bodies weighed and weight checked by weighing total batch. 

3. Blunged by hand in one gallon jars. : 

4. Sieved through 150-mesh screen. 

5. Slip concentrated on plaster protected by muslin and finally 
dried completely in dryer. 

6. Crushed to ¥ inch size. 

7. Tempered by careful addition of 10 percent of water by 
weight. 

8. Ground in porcelain mortar to pass 20-mesh screen. 

9. Allowed to stand over night in covered jar. 

Making and Burning the Tile. The bodies were pressed into 11.3 
cm. square tiles on a Crossly hand screw press. In order to obtain 
uniform pressing, all bodies were pressed by the same man, who 
was an experienced pressman. ‘Three tiles were pressed from each 
body, and two of these were cut into three parts, making six small 
tiles and one large tile for each body composition to be divided 
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between the two burns and distributed in different parts of the 
kiln. | 

Burning. Three tiles of each body composition were fired to 
cone 7. Four tiles of each were fired tocone10. The time of firing 
was about 32 hours. | 

Vitrification. A study of the vitrification was made by the deter- 
mination of average absorptions and shrinkages. The results are 
given in Figures 2, 3, 4 and 5. 
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It is not deemed necessary to enter into a detailed discussion of 
the results as the charts speak for themselves. Perhaps the most 
interesting condition is found in the high feldspar portion of the 
diagram where the possibility of substituting flint for feldspar 
without materially altering vitrification is indicated. Bodies H, 
and He, however, by slight distortion, gave evidence of overfire. 
This area should be studied in greater detail. 

In order to check the results, a number of body compositions 
were selected from various parts of the series and new batches 
weighed up and tiles made and fired to cone 10. In this case no 
body was constructed by the man who had made it before. The 
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check results are considered generally satisfactory within the limits 
of error. 

Glaze Fit. A study of glaze fit was made in which all the tiles 
were glazed with a standard white ware fritted glaze fired to cone 
1. The results are shown in Figures 6 and 7. The results in 
general check those obtained in similar studies made on plastic 
bodies. | 
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In connection with this study of dust pressed body compositions, 
a few trials were made to demonstrate the effect of the more impor- 
tant substitutions in materials and process of manufacture. The 
bodies in which such substitutions were made were fired in the 
same saggers with those of the ee series. The results are 
shown in Figure 8. | 
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Conclusion. The results of this investigation are given with the 
purpose of affording a source of information concerning the general 
vitrification and glaze fit behavior of dust pressed bodies. 

The wide range of composition available in such bodies has made 
it possible to extend the study over a much greater range of compo- 
sition than would be logical in.a study of plastic bodies. 
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DISCUSSION, 


Mr. E. T. Montgomery: I have noticed so often in connection 
with descriptions of the preparation of bodies for dry-press work, 
that the statement is made that after filter-pressing, the body was 
dried, then 10 percent of water was added and the body pulverized 
ready for use. 

We all know that dry scrap added to the blunger in any consider- 
able quantity makes a short body. We also know that a previous 
complete drying at the temperature of our dryers reduces the 
plasticity of the body. I would therefore suggest that in order to 
retain the full initial plasticity of the body, the clay be taken from 
the dryer before it has reached a completely dry state and while 
it still contains the proper amount of water for pulverizing and 
use on the presses. I have used this method in the manufacture of 
_ dry-pressed porcelain and find that it gives better results than are 
obtained if the body is allowed to completely dry out, necessitating 
- the further addition of water. 

Prof. Pence: I might say that -the difficulty in a case of that 
sort is to be sure that you are getting a constant water content. 
If you use the clay partially dry, you are never certain as to just 
how much water there is in it; and since the amount of moisture 
in a dry-pressed body affects the results very materially, it is 
desirable to use a system which affords an accurate control. 

Mr. Simcoe: I may say, in reference to what Professor 
Pence has just said, that I think you can be just as accurate in 
taking the clay from the dryer, because when the water is added 
to the clay after it has been dried hard, the dust would have to be 
left some time to age, as it were, in order to allow the water to pene- 
trate all through. So by the time it is ready for the presser, I don’t 
see how you are going to positively know that the 10 percent of 
moisture is there, while the men, in taking the clay from the 
dryer, became pretty clever in knowing just when the right amount 
of moisture is there. In a practical way, it is better to take the 
clay from the dryer with the moisture in it than it is to use a body 
that has been wet down and pulverized, 

I know of only one electric porcelain plant that reduces their 
clay body to dryness, then pulverize it between the rolls. After- 
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wards, the powder is placed in plaster-lined boxes, the plaster hav- 
ing previously been wetted. By this method, the body absorbed 
water from the wet plaster very uniformly. This process has the 
advantage of being less expensive to pulverize as compared with 
the method suggested by Mr. Montgomery; i. e., grinding the clay 
before it is thoroughly dry. The wet clay going into the grinder 
(disintegrator or blower) has a tendency to pack at the inner 
circumference of the shell and act as a brake, causing enormous 
wear on the spider as well as consuming unnecessary horsepower. 

Mr. Barringer: Ithink adding the water to the dry clay is more 
or less of an academic precaution that is more than offset by the 
differences that would be encountered in handling that clay. You 
may very accurately take your dry clay and very accurately add 
your water, but, as has been pointed out, all through the processes 
of the shop that water will vary, and I very emphatically favor 
having the wet clay to start with and drying it down until it is given 
the proper consistency, and pressing from that. Moreover, the 
operators themselves will not use clay of the same consistency; 
you cannot expect it; one design will require a comparatively dry 
body and the next design may be radically different and require 
comparatively moist body. So I think the proposition of using 
dry clay and adding a definite amount of water is a precaution 
more than over-balanced by those other differences. 

Mr. Purdy: I-would like to ask the experience as to the content 
of moisture; in a dry pressed ware, is it 10 per cent, for instance, 
the best moisture content? 

Prof. Pence: That figure was adopted as a logical basis of uni- 
formity in this investigation and is not offered as the best amount 
in any given case. 

Mr. Simcoe: A big and vital feature of this paper is being lost, 
namely, the substituting of one material for another in a body. Pro- 
fessor Staley emphasized the value of investigations along this line 
in enameled iron work. 

To be specific, you have a body in which you use English ball 
clay, English china clay, and Florida clay. 
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BODY BATCH WEIGHT CLAY SUBSTANCE 


Percent ~ 
Spar ae ees ere 20 Hing ality anaes 20 0F “333 
Ghee ge ae oe an 20) Hoe. chinag....5: 20° or 333 
UD icheeg eee ore ee teen ene mae 20 Blatvclay# ss i 205t0G 2555 
EnelisheCnings 25.09. c05.: 20 “60 100 
TeV 4 a yticts Fu eras cos 20 
100 


Suppose we were unable to get any of the above clays, and were 
compelled to use Georgia china clay and Kentucky ball clay. 
Having figured the total clay substance at 100, we make a mix of 
334 percent English ball, 334 percent English china, 334 Florida 
clay. . 

After blunging and reducing water content to 10 per cent, 
samples are dust pressed in any convenient form for comparison, 
glazed and fired. ‘These samples will show exactly the resultant 
of the combined clays that go into your body and show shrinkage, 
_ vitrification and color, the glaze bringing out iron spots. 

A series of mixes of Kentucky ball and Georgia china may be 
run to duplicate the above sample. We may not be able to get 
all the characteristics duplicated with the two clays. All other 
points may be O. K., but the shrinkage may be too great and 
additions of flint and whiting may give just what is needed. 

To illustrate say: 





Percent 
VCE FREUD BELL SOE oo i ae ne 40 or 24.0 
GPvaligia ts WG! OV 0) Ree oa Cee <i ae Ns Rea es 40 or 24.0 
DWSO Nes Lootec Soue tS BLE Mae che a 19 or 11.4 
VV NEE DIN ME ORS ne kat ye ot See RN Soa SAS EAE: 1 Orn 0.0 
100 60.0 
Substituting in the original body, we have 

DDE ote tush bin otc © SO, SIO ee ee 20.00 
LONGUE SUS VN DISS 2: SES I re a er 31.40 
Taha NN Tee ahr ee ea aie he ca Sk a ec nie oe Skids diatbalans 24.00 
re eee i) MR ee eo, aly (ives ble lid day a Kinere vie vis 24.00 

Vi OLE R OS LOL Ge IA, Oo Re eae a 0.6 
CE Otal Sanat aeras ac 100.00 


The foregoing is purely a hypothetical case; and I wish to 
strongly emphasize the necessity of each potter making his own 
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substitution table. Any data that might be compiled would ony 
be valuable as a guide. 

Synthetic ball clays and china clays may be made satisfactorily 
by this process. I have succeeed in making, out of a white-burning 
New Jersey sagger clay and other materials, a cheap substitute for 
English ball clay having exactly the same color, plasticity, shrink- 
age and vitrification. 
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